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REVIEW OF LITERATURE 
Changes in Blood Flow to the Uterus 
and Ovaries During the Estrous Cycle 
Steroids 
The length of the estrous cycle is about 16 days for the ewe and 
21 days for the cow and sow (Cole and Cupps, 1977). Uterine blood flow 
(UBF) varies regularly throughout the estrous cycle in the ewe (Greiss 
and Anderson, 1969), cow (Ford et al., 1979) and sow (Ford and Christenson, 
1979), and also in the guinea pig (Markee, 1932) and rat (Harvey and 
Owens, 1976). Uterine blood flow is highest at or just before estrus 
and lowest during the luteal phase of the cycle. For ewes, cows and sows, 
these regular patterns of UBF are temporally associated with the ratio 
of estrogen to progesterone (E:P^) in systemic blood (Yuthasastrakosol 
et al., 1975; Ford et al., 1979; Henricks et al., 1972). The greater 
the E:P^ ratio, the greater the quantity of blood flowing through the 
uterine vascular bed. 
Administration of estrogen stimulates increased UBF in the ovari-
ectomized ewe (Killam et al., 1973), cow (Ford and Reynolds, 1983a) and 
sow (Van Orden et al., 1983b), as well as in the ovariectomized guinea 
pig (Bacsich and Wyburn, 1940) and rat (Kalman, 1958). This increase 
in UBF in response to estrogen is equally distributed between the 
myometrial, endometrial and caruncular vascular beds of the nonpregnant 
ovine uterus (Rosenfeld et al., 1973; Anderson and Hackshaw, 1974). 
In those species studied to-date, UBF does not begin to increase until 
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approximately 30 min after estrogen administration and reaches maximal 
levels by 1-4 hr after estrogen (Spaziani and Suddick, 1967; Killam et 
al., 1973; Ford and Reynolds, 1983a; Van Orden et al., 1983b). Although 
all estrogens studied thus far cause a similar pattern of increase in 
UBP, their potencies differ. In the ovariectomized ewe, the order of 
potency for increasing UBP is; estradiol-173 (E^g) ^  estriol (Ey) > 
diethylstilbestrol > estrone (E^); which is the same as the order of 
potency for causing uterine fluid imbibition (Resnik et al., 1974). 
Although the ability of and Eg to induce an increase in UBP and 
uterine water imbibition is similar, EgP is much more potent than E^ 
in stimulating uterine growth (Anderson et al., 1975). This difference 
may be related to the observation of Anderson et al. (1975) that E^g is 
retained in the nucleus of uterine cells for greater than 24 hr, whereas 
Eg is retained for only 3 hr. It has, therefore, been suggested that 
the increase in UBP elicited by the various estrogens does not require 
nuclear retention of estrogen, but instead may be mediated by events 
occurring in the cytosol of the uterine cells (Resnik et al., 1974). 
In support of this proposal, the vasodilatory response of the uterus 
to estrogen can be blocked by inhibitors of protein synthesis in ovari­
ectomized rats (Spaziani and Suddick, 1967) and ewes (Killam et al., 
1973) , but not by actinomycin D, a transcription inhibitor (Resnik et 
al., 1975). 
A decrease in the vasodilatory response of the uterine vascular 
bed to repeated challenge with estrogen after ovariectomy has been reported 
for ewes (Greiss and Anderson, 1970a), cows (Ford and Reynolds, 1983a) 
and sows (Van Orden et al., 1983b). This phenomenon may involve depletion 
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of vascular estrogen receptors because a continuous infusion of into 
the uterine artery of ovariectomized ewes resulted in tachyphylaxis of 
the uterine vasodilatory response to Egg (Clewell et al., 1980). The 
response to estrogen can be restored by treatment with and subsequent 
withdrawal of progesterone (P^; Greiss and Anderson, 1970a), and a local 
increase in concentrations was associated with increased binding sites 
for E^B in uterine arterial tissue of ewes (Koligian and Stormshak, 
1977). Thus, a period of exposure to and subsequent withdrawal from 
P[^ may be required before uterine arteries become responsive to estrogen. 
Administration of P^ alone has little direct effect on UBP (Dickson 
et al., 1969; Greiss and Anderson, 1970a; Garris and Mitchell, 1979). 
However, P^ has been shown to inhibit estrogen-induced increases in UBF 
of ewes and guinea pigs when both steroids were administered concomitantly 
(Greiss and Anderson, 1970a; Resnik et al., 1977; Garris and Mitchell, 
1979), and the magnitude of this antagonism appears to be related to 
the E:P^ ratio (Caton et al., 1974). Thus, reduced UBP during the luteal 
phase of the estrous cycle may be due to the inhibitory effect of P^^ on UBP, 
and (or) due to the low concentrations of estrogen present. Increased 
UBF at estrus appears to result from estrogen-induced vasodilation, and 
may be dependent upon a previous exposure to and withdrawal from P^. 
Ovarian blood flow (OBP) also varies regularly throughout the estrous 
cycle of ewes (Niswender et al., 1975), cows (Pord and Chenault, 1981) 
aind sows (Magness et al., 1983). However, OBP follows a pattern opposite 
to that of UBP, being highest during the luteal phase of the estrous 
cycle and lowest at estrus. Ovarian blood flow is positively correlated 
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with the concentrations of and negatively correlated with the E:Py 
ratio in systemic blood of ewes, cows and sows (Niswender et al., 1975; 
Ford and Chenault, 1981; Magness et al., 1983). However, these corre­
lations do not necessarily imply that is a vasodilator and estrogens 
are vasoconstrictors of the ovarian vascular bed. In fact, administration 
of estrogen has been shown to induce ovarian vasodilation in ewes 
(Rosenfeld et al., 1975; Rosenfeld, 1980). The increase in OBP during 
the luteal phase of the estrous cycle may simply result from the presence 
of functional corpora lutea (CL), which receive approximately 90% of 
total OBF in these species (Niswender et al., 1976; Bruce and Moor, 
1975; Ford et al., 1982c). Decreased OBF at estrus is probably due 
to the regression of the CL, rather than a vasoconstrictor effect of 
estrogen. In support of this hypothesis, a preferential decrease in 
blood flow to the luteal vascular bed has been observed during natural 
and prostaglandin (PG) Fga-induced luteal regression (Niswender et al., 
1976; Nett and Niswender, 1981). Therefore, the effect of estrogens 
to stimulate increased OBF may be masked by the tremendous decrease 
in the size of the ovarian vascular bed during the follicular phase 
of the estrous cycle. 
Prostaglandins 
Infusion of PGE^ or PGE^ into the uterine artery causes dilation, 
whereas PGF2a causes constriction of the uterine vascular bed of ewes 
(Resnik and Brink, 1978; Still and Greiss, 1978). Thus, prostaglandins 
can have a direct effect to alter UBF. Prostaglandins might also be 
involved in mediating estrogen-induced increases in UBF. As mentioned 
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previously, UBP does not begin to increase until approximately 30 min 
after administration of estrogen in ewes (Killam et al., 1973), cows 
(Ford and Reynolds, 1983a) and sows (Van Orden et al., 1983b). This 
observation, plus the observation that estrogen-stimulated increases 
in UBF can be blocked by inhibition of protein synthesis but not by 
inhibition of transcription (Spaziani and Suddick, 1967; Killam et al., 
1973; Resnik et al., 1975), have led to the proposal that estrogen may 
elicit uterine vasodilation by stimulating local production of another 
vasoactive substance. Meclofenamate and indomethacin (inhibitors of 
prostaglandin synthesis) were able to partially suppress estrogen-induced 
uterine prostaglandin production and vasodilation in rats (Ryan et al., 
1974) and ewes (Clark et al., 1976). Clark et al. (1980), however, observed 
an effect of indomethacin on estrogen-induced uterine vasodilation only 
when toxic levels of indomethacin were administered to ewes. Prostaglandins 
may therefore play only a limited role in mediating the ability of estrogens 
to increase UBF. 
Elevated concentrations of PGP have been observed in utero-ovarian 
venous blood of ewes (Thorburn, et al., 1972), cows (Shemesh and Hansel, 
1975) and sows (Gleeson et al., 1974) in association with regression 
of the CL and decreasing concentrations in systemic blood. The period 
of luteal regression is also associated with a decrease in OBF of ewes 
(Niswender et al., 1976), cows (Ford and Chenault, 1981) and sows (Magness 
et al., 1983). Administration of exogenous PGP^a induces luteolysis 
in these species (McCracken et al., 1970; Rowson et al., 1972; Moeljono 
et al., 1976), and reduces OBF of ewes (Baird, 1974; Niswender et al.. 
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1975). It has therefore been suggested that natural, or PGPga-induced, 
luteolysis may result from a reduction in blood flow to the CL (Pharriss, 
1970; Nett and Niswender, 1981). In agreement with this proposal, Nett 
and Niswender (1981) observed a 90% reduction in luteal blood flow within 
2 hr of an intrauterine infusion of PGPga, even though total OBP and 
systemic concentrations of did not decrease for another 2 to 4 hr. 
A reduction in luteal blood flow with no change in total OBP can be 
explained by the observation that PCF^a causes dilation of the ovarian 
stromal vascular bed (Novy and Cook, 1973; Janson et al., 1975; Varga 
and Polly, 1977). Thus, the luteolytic activity of PGFgg may be mediated, 
in part, by its vasoconstrictor effect on the luteal vascular bed. 
Periarterial sympathetic nerves-interactions with steroids and 
prostaglandins 
It has been known for many years that blood flow to the abdominal 
viscera, including the reproductive tract, is under the influence of 
sympathetic (adrenergic) vasoconstrictor nerves (Langley and Anderson, 
1895, 1896; Bayliss, 1923). Most of the information on the distribution 
of sympathetic innervation within blood vessels has been obtained using 
the formaldehyde fluorescence method for catecholamines (Palck et al., 
1952). Using this technique, a dense sympathetic perivascular plexus 
has been demonstrated for the small arteries and arterioles within the 
uterus and ovaries (Unsicker, 1974; Stefenson et al., 1981; Sorger et 
al., 1983). This sympathetic plexus is comprised of nonmyelinated, 
postganglionic fibers derived from the periaortic plexus (Shcdaanah et 
al., 1964). These sympathetic fibers become incorporated into the uterine 
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and ovarian arterial walls at their points of origin and therefore traverse 
the entire length of the arteries, forming their main sympathetic 
perivascular plexus. Vasoconstrictor nerves supplying the uterine and 
ovarian vasculature therefore bypass the hypogastric nerves, which supply 
the uterine myometrial smooth muscle (Shabanah et al., 1964). The uterine 
artery receives additional sympathetic innervation from the pelvic 
(hypogastric) plexus (Shabanah et al., 1964). 
The walls of the distributing arteries and arterioles, including 
those supplying the uterus and ovaries, are composed of 3 layers (Rhodin, 
1980). The innermost layer is the tunica intima and consists of a single 
continuous layer of squamous endothelial cells and a basal lamina. 
In the middle layer, or tunica media, the only cells present are spindle-
shaped smooth muscle cells arranged in concentric layers, which number 
from 25-35 layers for large muscular arteries to 1-2 layers for arterioles 
(Rhodin, 1980). All of the smooth muscle cells of the tunica media 
are surrounded by a thin lamina, consisting of collagenous and elastic 
fibrils, which is interrupted at points of contact (nexuses) between 
the cells. The outermost layer of the arterial wall is the tunica 
adventitia, which is composed of dense fibroelastic tissue, probably 
secreted by the numerous fibroblasts (Rhodin, 1980). The adventitial 
layer also contains the vascular supply of the arterial wall, which 
includes arterioles, venules, capillaries and lymphatic vessels, 
collectively referred to as the vasa vasorum. In addition, an internal 
elastic lamina, between the media and intima, and an external elastic 
lamina, between the media and adventitia, invest the tunica media. 
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These elastic laminae, as well as the collagen and elastin fibrils 
surrounding each smooth muscle cell of the tunica media, are thought 
to be secreted and maintained by the smooth muscle cells themselves 
(Pease, 1962; Rhodin, 1980). The internal elastic lamina is highly 
fenestrated, which probably facilitates diffusion of substances between 
the intima and media (Rhodin, 1980). 
The adrenergic innervation of blood vessels is found character­
istically in the inner adventitia and at the adventitial-medial junction, 
as a continuous meshwork (plexus) surrounding the smooth muscle of the 
tunica media (Bevan, 1979). This sympathetic perivascular plexus has 
been described as "an irregular, highly branched, multiaxonal sheath 
which surrounds the tunica media of the vessels" (Bevan et al., 1980). 
Each axon exhibits periodic swellings, or varicosities, of 1.5 - 2 ym 
in diameter at intervals of 3 - 10 ym. These varicosities contain 
a large number of granular or "dense core" vesicles (35-60 nm dieimeter) 
that represent the storage sites for norepinephrine (NE), which is the 
primary neurotransmitter for perivascular adrenergic synapses (Bevan 
et al., 1980). Upon nerve stimulation, NE is released by exocytosis 
into the synaptic cleft (Bevan et al., 1980). For smaller blood vessels, 
which usually have synaptic clefts of less than 100 nm, released NE 
affects only a few subjacent smooth muscle cells, and the spread of 
the resultant contraction to other areas appears to occur primarily 
by myogenic propogation (Bevan and Ljung, 1974; Bevan, 1979). This 
myogenic propogation is thought to occur by means of the previously 
mentioned nexuses between the smooth muscle cells, many of which may 
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represent gap junctions (Ljung, 1976). In larger vessels, with wider 
synaptic clefts, NE diffuses throughout the surrounding tunica media 
(Sevan, 1979). Thus, in small arteries and arterioles, where neuro­
transmitter is restricted to the area of close neuromuscular association, 
a relatively rapid vasoconstrictor response, associated with myogenic 
propogation, is observed. In larger arteries, a comparatively slow 
development of neurogenic tone is seen (Sevan et al., 1980). For vessels 
of intermediate size, the vasoconstrictor response is a combination 
of the fast, propogated contraction and the slow, nonpropogated 
contraction which depends upon diffusion of NE throughout the tunica 
media (Dolozel et al., 1975; Sevan et al., 1980). 
Norepinephrine induces contraction of vascular smooth muscle cells 
by interacting with membrane-bound ot-adrenergic receptors, whereas inter­
action with ^-adrenergic receptors causes relaxation and subsequent 
vasodilation (Sevan et al., 1980). The response of a particular vessel 
to NE depends on the relative amounts of the two receptor types. Alpha-
adrenergic receptor-mediated vasoconstriction is thought to predominate 
in blood vessels of the abdominal viscera, including those of the uterus 
and ovaries (Innes and Nickerson, 1970). Electrical stimulation of 
uterine periarterial sympathetic nerves (Greiss and Gobble, 1967), or 
exposure to exogenous NE (Ladner et al., 1970; Barton et al., 1974), 
was able to reduce UBP of ovariectomized, nonpregnant and pregnant ewes 
nearly to zero. This constrictor response of the uterine vascular bed 
to sympathetic nerve stimulation or NE was inhibited by the a-adrenergic 
antagonist phenoxybenzamine (Greiss and Gobble, 1967; Ladner et al., 1970). 
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In addition, phentolamine, a competitive a-adrenergic receptor blocking 
drug, caused an immediate increase in UBP of ovariectomized cows when 
infused directly into the uterine artery (Ford and Reynolds, 1983a). 
Beta-adrenergic receptor activity, resulting in a relatively modest 
vasodilation, has been demonstrated for the uterine vascular beds of 
ovariectomized, nonpregnant and pregnant ewes (Ladner et al., 1970; 
Greiss, 1971; Barton et al., 1974) and ovariectomized cows (Ford and 
Reynolds, 1983a). Cholinergic vasodilator activity could not be demon­
strated in the uterine vascular bed of pregnant ewes (Greiss and Gobble, 
1967; Greiss et al., 1967). However, Greiss et al. (1967) did observe 
a transient and modest uterine vasodilatory response to acetylcholine 
in nonpregnant ewes. In support of these observations. Ford et al. 
(1977b) demonstrated that phentolamine inhibited a substantial portion 
of the vasoconstrictor response of ovine uterine arteries to sympathetic 
nerve stimulation ^  vitro, whereas propranolol (a competitive 0-adrenergic 
receptor blocker) or atropine (a competitive cholinergic antagonist) 
had no effect on the vasoconstrictor response to nerve stimulation. 
It appears, therefore, that a-adrenergic receptor-mediated vasoconstriction 
does predominate in the uterine vascular bed, with only a minor role 
for 3-adrenergic or cholinergic vasodilation. The ovarian vascular 
bed also appears to be influenced primarily by a-adrenergic vasocon­
striction. Varga et al. (1979) observed a potent vasoconstrictor effect 
of NE on the vascular bed of human ovaries during vitro perfusion, 
but only limited B-adrenergic receptor-mediated vasodilation. Thus, 
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one possibility is that blood flow to the uterus and ovaries is controlled 
by the presence or absence of a-adrenergic vasoconstrictor tone. 
The ovarian steroids, estrogen and may alter uterine and ovarian 
blood flow by regulating the function of the periarterial sympathetic 
vasoconstrictor nerves within these vascular beds. McKercher et al. 
(1973) observed a reduction in NE content of uterine periarterial 
sympathetic nerves coincident with elevated UBF in estrogen-treated 
rats. In addition, the uterine vascular bed of estrogen-treated ovari­
ectomized ewes was approximately tenfold less sensitive to the vaso­
constrictor effects of NE than that of control ovariectomized ewes (Barton 
et al., 1974). During in vitro perfusion, uterine arterial segments 
from ovariectomized estrogen-treated ewes exhibited reduced vasocon­
striction to sympathetic nerve stimulation or exogenous NE compared 
with uterine arterial segments from P^-treated ovariectomized ewes (Ford 
et al., 1977c). When ovariectomized ewes were treated with both estrogen 
and P^, the vasoconstrictor response was similar to that of vehicle-treated 
controls (Ford et al., 1977c). An association between levels of estrogen 
and P^^ in systemic blood and uterine arterial contractility has also 
been observed for intact ewes. Uterine arterial contractility to 
periarterial nerve stimulation or exogenous NE was reduced for estrus 
ewes compared with luteal-phase ewes (Ford et al., 1977b). In addition, 
in unilaterally ovulating ewes and cows, uterine arterial segments removed 
ipsilateral to the CL-bearing ovary exhibited a greater vasoconstrictor 
response to sympathetic nerve stimulation than arteries from the 
contralateral side (Ford et al., 1976), Pope et al. (1982) has 
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demonstrated that bovine uterine arterial tissue obtained ipsilateral 
to a CL-bearing ovary contains greater concentrations of than uterine 
arterial tissue from the contralateral side. The ovarian steroids appear 
to have effects on the ovarian periarterial sympathetic nerves which 
are similar to their effects on uterine periarterial sympathetic nerves. 
The contractility of ovine and bovine ovarian arterial segments to nerve 
stimulation and to exogenous NE was greater during the luteal phase 
of the estrous cycle than at estrus, and was also greater for arterial 
segments ipsilateral than for segments contralateral to the CL-bearing 
ovary (Kuhl et al., 1974; Ford et al., 1977a). 
Although the studies cited above indicate that estrogen and P|^ 
act in an antagonistic manner to regulate the function of uterine and 
ovarian periarterial vasoconstrictor nerves, the mechanism by which 
this regulation is accomplished is not known. Progesterone increased 
contractility of aortic smooth muscle strips to NE, in association with 
a reduction in the activity of catechol-o-methyl transferase (COMT; 
Kalsner, 1969). Because COMT is the primary extra-neuronal enzyme 
responsible for conversion of NE to an inactive metabolite (in this 
case, normetanephrine), inhibition of COMT by P^^ would lead to a poten­
tiation of the effects of NE (Sevan et al., 1980). Treatment of ovari-
ectomized rats with estrogen reduced the release of ^H-NE during 
contraction of portal vein strips dm vitro (Bengtsson, 1978), and also 
reduced the content of NE in uterine periarterial sympathetic neurons 
(McKercher et al., 1973). Thus, both estrogen and Pj^ are capable of 
affecting NE turnover in vascular smooth muscle. 
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Recently, Ford and Reynolds {1983a) observed that the competitive 
a-adrenergic receptor blocker, phentolamine, caused an immediate increase 
in UBP of ovariectomized cows when infused directly into the uterine 
artery. When Egg was administered, the typical 30 min delay was observed 
before UBF increased, suggesting the production of a second messenger. 
The increase in UBF was not additive when equimolar amounts of phentol­
amine and Egg were administered during the same treatment period, 
suggesting that both Egg and phentolamine may be interacting with a-adren­
ergic receptors. The possible effects of on vascular d-adrenergic 
receptors have not been evaluated. However, an interaction of ovarian 
steroids with vascular a-adrenergic receptors is reasonable, because 
estrogen and P^ have been shown to alter the numbers of myometrial 
a-adrenergic receptors in an antagonistic manner (Williams and Lefkowitz, 
1977). 
Prostaglandins also appear to modulate the activity of uterine 
and ovarian perivascular sympathetic neurons. As mentioned previously, 
PGE causes vasodilation and PGF^a vasoconstriction of the uterine vascular 
bed. Clark et al. (1977) demonstrated that infusion of meclofenamate 
into the canine uterine artery reduced PGE and had no effect on PGF^ot 
secretion by the uterus. In association with this decrease in PGE 
secretion, the vasoconstrictor response of the uterus to sympathetic 
nerve stimulation or exogenous NE was increased twofold. Thus, PGE may 
exert a tonic, inhibitory effect on perivascular sympathetic neurotrans­
mission. In support of this concept, the studies of Hedquist (1970) 
and Kadowitz et al. (1971) demonstrated that PGE interferes with release 
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of NE from perivascular sympathetic nerve terminals. In contrast. Pope 
and Stormshak (1979) were unable to demonstrate an effect of PGEr, on 
vasoconstriction of ovine uterine arteries to sympathetic nerve stimulation 
in vitro. 
Kadowitz et al. (1972) demonstrated that PGP^a induces vasocon­
striction by augmenting the release of NE from perivascular sympathetic 
nerve terminals. If, as discussed previously, increases and estrogen 
decreases the levels of uterine and ovarian arterial NE and (or) 
a-adrenergic receptors, then exposure of the utero-ovarian vasculature 
to the ovarian steroids should affect the vasoconstrictor effects of 
PGF2a. This concept agrees with the data of Ford et al. (1977b,c), 
who observed that PGFgot augmented contractility for uterine arteries 
from Pt^-dominated intact (day 10 postestrus) and P^-treated ovariectomized 
ewes, but not for uterine arteries from estrogen-dominated intact (estrus 
or Day 3 postestrus) or estrogen-treated ovariectomized ewes. In addition, 
PGFga increased the vasoconstrictor response to sympathetic nerve 
stimulation for ovine and bovine uterine arterial segments obtained 
ipsilateral, but not contralateral, to the CL-bearing ovary (Ford et 
al., 1976). A stimulatory effect of PGFg» on the contractility of ovarian 
arteries obtained ipsilateral to the ovary that contained the corpus 
luteum has also been observed in cows (Ford et al., 1977a). 
From the literature discussed thus far, it can be concluded that 
ovarian steroids and prostaglandins can affect periarterial sympathetic 
nerve function to cause changes in uterine and ovarian blood flow through­
out the estrous cycle. Recent evidence suggests that a mechanism exists 
by which the local concentrations of estrogens and are selectively 
15 
increased, thereby amplifying their effects on the uterine and ovarian 
vascular beds. As mentioned above, Pope et al. (1982) found a greater 
concentration of in uterine arterial tissue ipsilateral to a 
CL-bearing ovary than in uterine arterial tissue from the contralateral 
side in cows. It has recently been demonstrated that the concentration 
of estrogens (E^ and Egg)in uterine arterial tissue of sows is greater 
during estrus than during the luteal phase of the estrous cycle (S. P. 
Ford and L. P. Reynolds, Iowa State Univ., unpublished observation). 
Uterine and ovarian lymph contain high levels of estrogens and P^^ (Lindner 
et al., 1964; Magness and Ford, 1982), and the rate of uterine lymph 
flow is much lower than that of UBF (Staples et al., 1982). The uterine 
and ovarian lymphatics are closely associated with the perivascular 
sympathetic neurons of the uterine and ovarian blood vessels (Hoggan 
and Hoggan, 1882; Rhodin, 1980), and free exchange of molecules of low 
molecular weight (< 600 Daltons) between the uterine lymph and blood 
has been shown to occur (McRae and Kennedy, 1979). Thus, it is possible 
that uterine and ovarian periarterial nerves are exposed to high concen­
trations of steroids during the slow passage of lymph along the lywiphatic 
channels. It has also been suggested that prostaglandins may be trans­
ported in uterine lymph (Kotwica, 1980), in a manner similar to that 
proposed for steroids, thereby increasing the exposure of periarterial 
syiqpathetic neurons to prostaglandins. 
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Changes in Blood Flow to the Uterus 
and Ovaries During Early Pregnancy 
Steroids 
When embryos are flushed from the uterus before Day 12 postmating 
in ewes and sows (Moor and Rowson, 1966; Ford et al., 1982a) or Day 
16 postmating in cows (Northey and French, 1980), regression of the 
CL, and subsequent estrus, occur at the normal time for each species. If, 
however, preimplantation embryos are not flushed until after Day 12 (ewes 
and sows) or Day 16 (cows), luteal lifespem is extended for 5 to 6 days 
beyond normal. These observations have led to the concept that the 
early conceptus, in some way, protects the CL from luteolysis, and this 
phenomenon has been termed "maternal recognition of pregnancy". The 
demonstration that intrauterine infusion of conceptus homogenates, obtained 
around the time of maternal recognition of pregnancy, was able to extend 
luteal function in ewes (Rowson and Moor, 1967), sows (Ball and Day, 
1982) and cows (Northey and French, 1980), provides further evidence 
that the conceptuses are responsible for maintaining luteal function 
during early pregnancy. 
A transient two to threefold increase in UBF has been observed 
for ewes on Days 13 to 15 (Greiss and Anderson, 1970b), sows on Days 
12 and 13 (Ford and Christenson, 1979) and cows on Days 15 to 17 (Ford 
et al., 1979) postmating. Implantation does not occur until after pregnancy 
recognition in the ewe (Amoroso, 1952), sow (Crombie, 1970) and cow 
(Melton et al., 1951), and is associated with a secondary, prolonged 
increase in UBF in all 3 species (Greiss and Anderson, 1970b; Ford and 
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Christenson, 1979; Ford et al., 1979). That the conceptus is responsible 
for the early, transient increase in UBF, which is associated with maternal 
recognition of pregnancy, is suggested by the observation that blood 
flow only increased to the uterine horn containing the conceptus(es) 
in cows (Ford et al., 1979) and unilaterally pregnant sows (Ford and 
Christenson, 1979). This observation also emphasizes the local influence 
of the conceptus on the uterine blood supply. During early pregnancy, 
UBF of sows and cows is similar to that observed during the estrous 
cycle and is correlated with the E:P^ ratio in systemic blood until 
Day 11 and Day 14, respectively (Ford and Christenson, 1979; Ford et 
al., 1979). On Days 12 and 13 postmating in sows and Days 15 to 17 
postmating in cows, UBF was no longer related to the E:P^ ratio in systemic 
blood, again suggesting the local nature of conceptus-induced vasodilation 
(Ford and Christenson, 1979; Ford et al., 1979). In association with 
increased UBF, a transient increase in OBF has also been observed at 
the time of pregnancy recognition in the sow (Magness et al., 1983) 
and cow (Ford and Chenault, 1981). In sows, this transient increase 
in OBF was observed only for the luteal vascular bed and not for the 
rest of the ovary (Ford et al., 1982c). 
The significance of these transient elevations in UBF and OBF during 
early pregnancy is not understood. However, the luteotropic effect 
of the ovine (Mapletoft et al., 1976) and bovine (Del Campo et al., 
1980) conceptus is exerted through a local vascular pathway from the 
uterus to the ovaries. Thus, the early increase in UBF may function 
to enhance trainsport of a conceptus-induced luteotropin to the CL-bearing 
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ovary. As mentioned previously, a primary mechanism for natural and 
induced luteolysis may be a reduction in blood flow to the CL. The 
transient increase in luteal blood flow of pregnant sows observed by 
Ford et al. (1982c) occurs when regression of the CL would normally 
begin in nonpregnant animals, and may therefore enhance luteal function 
during this critical period. This proposal is supported by the observation 
that luteal secretion is highly correlated with OBF in ewes (Niswender 
et al., 1976), sows (Magness et al., 1983) and cows (Ford and Chenault, 
1981), and a transient increase in systemic levels has been observed 
coincident with increased OBF during early pregnancy in sows (Magness 
et al., 1983) and cows (Ford et al., 1979). 
The factor(s) responsible for the conceptus-induced increases in 
UBF and OBF are not known. In vitro production of estrogens by conceptuses 
can be demonstrated by Day 12 postmating in the sow (Perry et al., 1976) 
and Day 13 in the cow (Shemesh et al., 1979; Chenault, 1980). In addition, 
estrogens are elevated in uterine flushings and venous blood of sows 
and cows at the time of pregnancy recognition for each species (Ford 
et al., 1981). Infusion of near physiological levels of Egg into an 
isolated uterine horn in nonpregnant sows resulted in an eight to tenfold 
increase in blood flow to both uterine horns (Ford et al., 1982b). 
These researchers also observed bilateral maintenance of luteal function, 
but with a preferential stimulation of P^^ secretion from the ipsilateral 
ovary. As mentioned earlier, administration of estrogen also stimulates 
increased OBF. Thus estrogens, of embryonic origin, may act locally 
to stimulate increased UBF and OBF during early pregnancy in ewes, sows 
and cows. 
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Prostaglandins 
'Prostaglandins may also be involved in the vascular changes that 
occur during early pregnancy. Production of PGEg can be demonstrated 
for cultured ovine blastocysts by Day 14 (Lacroix and Kann, 1982; Hyland 
et al., 1982) and bovine blastocysts by Day 13 (Shemesh et al., 1979; 
Lewis et al., 1982) postmating. Uterine luminal and venous levels of 
PGB^ have been shown to be elevated by Day 15 in pregnant compared with 
nonpregnant ewes (Ellinwood et al., 1979). In addition, intrauterine 
infusion of PGEg in nonpregnant ewes results in an extension of luteal 
Pi^ secretion (Magness et al., 1981). As previously discussed, PGEg 
will induce uterine vasodilation, but is much less potent in this regard 
than estrogens (Resnik and Brink, 1978). The vasodilatory effects of 
PCE2 on the ovarian vascular bed have not been evaluated. However, 
PGEg will block PGF2a-induced luteolysis when both are infused simul­
taneously into the ovarian artery (Henderson et al., 1977) or ovarian 
vascular pedicle (Reynolds et al., 1981). It is conceivable that this 
antiluteolytic effect of PGE2 is due to dilation of the ovarian vascular 
bed, which would counteract the vasoconstrictor effects of POF^a* 
Periarterial sympathetic nerves-interactions with 
steroids and prostaglandins 
During early pregnancy, the conceptus may stimulate increased UBF 
by altering the function of periarterial sympathetic nerves. It has 
been previously mentioned that the vasoconstrictor response to sympathetic 
nerve stimulation was greater for uterine arterial segments obtained 
ipsilateral compared with those obtained contralateral to the CL-bearing 
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ovary of nonpregnant ewes and cows (Ford et al., 1976), even though 
blood flow was similar for either uterine horn of nonpregnant cows (Ford 
et al., 1979). In addition, it was observed that PGFga only augmented 
vasoconstriction to nerve stimulation for uterine arteries obtained 
ipsilateral to the luteal-bearing ovary (Ford et al., 1976), possibly 
due to greater concentrations of NE and (or) a-adrenergic receptors 
in P^-dominated arteries. When uterine arterial segments were obtained 
from ewes on Day 15 or cows on Day 17 postmating, the ability of PGFgOt 
to augment contractility to nerve stimulation, for uterine arteries 
ipsilateral to the CL-bearing ovary, was no longer observed (Ford et 
al., 1976). These data suggest an effect of the conceptus on reducing 
uterine arterial NE and (or) a-adrenergic receptor concentrations. A 
similar inhibition of PGF^o-induced vasoconstriction was observed when 
a conceptus brei was perfused through uterine arterial segments of non­
pregnant ewes (Ford et al., 1976) and cows (Ford, 1978). This decrease 
in responsiveness of uterine arteries from nonpregnant animals to PGF2a 
and sympathetic nerve stimulation is similar to that observed for estrogen-
dominated nonpregnant ewes (Ford et al., 1977b,c). As discussed for 
arteries of estrous animals, exposure of uterine and ovarian arteries 
to estrogens of conceptus origin could induce depletion of arterial 
NE and (or) a-adrenergic receptors, thereby inhibiting the vasoconstrictor 
effects of PGFgO and causing vasodilation. Similarly, PGEg of conceptus 
origin may inhibit the release of uterine and ovarian arterial NE induced 
by PGF2a and nerve stimulation, as discussed previously (Kadowitz et 
al., 1971). 
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Exposure of the sympathetic neurons of the uterine and ovarian 
vascular bed to the conceptus-induced vasodilatory factor may be via 
the lymphatics. Magness and Ford (1982) found greater concentrations 
of estrogens in uterine lymph on Days 11, 13 and 15 of pregnancy than 
on the same days of the estrous cycle in gilts, and as previously 
discussed, there is a close association between the lymphatics and the 
periarterial sympathetic neurons. Transport of prostaglandins in uterine 
and ovarian lymph has been suggested (Kotwica, 1980), but has not been 
evaluated during early pregnancy. 
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STATEMENT OF PROBLEM 
During the estrous cycle of the ewe, cow and sow, regular variations 
in uterine blood flow (UBF) and ovarian blood flow (OBP) are observed. 
Uterine blood flow is highest at estrus and remains low throughout the 
luteal phase of the estrous cycle. Ovarian blood flow follows a pattern 
opposite to that of UBF,^being.least.at estrus and greatest during the 
luteal phase. The increase in UBF at estrus is highly correlated with the 
estrogen: progesterone ratio (E:P^) in systemic blood. The negative 
correlation between OBP and the E:P^ ratio in systemic blood may simply be 
due to the decreased size of the ovarian vascular bed at estrus, and, in 
fact, administration of estrogen stimulates increased UBF and OBF in ewes. 
The vasodilatory effect of estrogen may be mediated, in part, by 
prostaglandins of the E series (PGE), which also have a direct vasodilatory 
effect on the uterine vascular bed. Prostaglandin Fga (PGF20t) induces 
uterine and ovarian vasoconstriction, and this may be involved in luteal 
regression at the end of the estrous cycle in nonpregnant animals. The 
vasoconstrictive or vasodilatory effects of the ovarian steroids and 
prostaglandins have been shown to be due to an interaction between these 
compounds in altering the function of perivascular sympathetic vaso­
constrictor neurons. These alterations may include effects on neuro­
transmitter levels, neurotransmitter release, concentrations of 
neurotransmitter at neuroeffector junctions and effects on a-adrenergic 
receptors. 
During early pregnancy, transient uterine and luteal vasodilation has 
been observed coincident with the time that conceptuses must be present in 
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the uterus to maintain luteal progesterone (P^) secretion. These 
increases in UBP and OBF are mediated by the conceptus, and may be 
necessary for the transport of a luteotropic substance from the gravid 
uterus to the ovary bearing the corpus luteum (CL). Additionally, they 
may act directly to counteract the luteal vasoconstriction that results 
in regression of the CL in the absence of conceptuses. Thus, the transient 
increases in UBP and OBF at the time of pregnancy recognition may be 
important for the maintenance of luteal secretion, which is essential 
for the successful establishment of pregnancy. The conceptuses of 
farm animal species can produce estrogens and PGEg, and these compounds 
are secreted from the gravid uterus during maternal recognition of 
pregnancy. Similar to uterine arteries of nonpregnant animals at estrus, 
the sympathetic vasoconstrictor activity is reduced for uterine arteries 
during early pregnancy. The vasoconstrictor effect of PGF^a is also 
absent during early pregnancy. Estrogens and (or) PGE of embryonic origin 
may, therefore, act on the perivascular sympathetic neurons in a local 
fashion to induce transient uterine and ovarian vasodilation, which may be 
essential for the establishment of pregnancy. 
Experiments were therefore designed to investigate the mechanisms by 
which the effects of the conceptus on the uterine and ovarian perivascular 
sympathetic neurons are accomplished. Additional studies were designed to 
further investigate the local effects of estrogen and PGEg in stimulating 
UBF and maintaining luteal P,^ secretion during early pregnancy. 
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EXPERIMENT I. ROLE OP PERIARTERIAL 
SYMPATHETIC NERVES IN ALTERING UTERINE BLOOD FLOW 
DURING THE ESTROUS CYCLE AND EARLY PREGNANCY IN GILTS 
Introduction 
During the estrous cycle of ewes (Greiss and Anderson, 1969) 
and sows (Ford and Christenson, 1979), regular variations in 
uterine blood flow (UBF) are observed. These variations in UBF 
are temporally associated with the daily estrogen to progesterone 
ratio (E:P^) in systemic blood of each species (Yuthasastrakosol 
et al., 1975; Henricks et al., 1972), with UBF being greatest 
at estrus and least during the luteal phase of the estrous cycle. 
Administration of estrogen stimulates increased UBF in the ewe 
(Killam et al., 1973) and sow (Dickson et al., 1969). Progesterone 
(P^) antagonizes the uterine vasodilatory effect of estrogen 
(Caton et al., 1974; Resnik et al., 1977) and the magnitude of 
this inhibition is related to the ratio of the two steroids (Caton 
et al., 1974). Blood flow to the uterus and ovaries appears 
to be controlled primarily by periarterial sympathetic vasoconstrictor 
nerves (PSVN; Ford, 1982). Exposure to P^ increases, whereas 
estrogen decreases, the function of uterine PSVN in nonpregnant 
ewes and rats, possibly through changes in norepinephrine (NE) 
or a-adrenergic receptor levels (McKercher et al., 1973; Barton 
et al., 1974; Ford et al., 1976, 1977b,c). 
A transient two to threefold increase in UBF is observed 
coincident with maternal recognition of pregnancy in ewes (Moor 
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and Rowson, 1966; Greiss and Anderson, 1970b) and sows (Ford 
et al., 1982a). Although systemic estrogen concentrations remain 
low in sows during early pregnancy (Magness et al., 1983), the 
transient increase in UBP may result from a local increase in 
estrogen levels. Early porcine blastocysts are capable of estrogen 
production in vitro (Perry et al., 1976), and estrogens are 
elevated in uterine luminal fluid, uterine venous blood and uterine 
lymph of sows at the time of pregnancy recognition (Ford et al., 
1981; Magness and Ford, 1982). In addition, the presence of 
the conceptus is associated with reduced function of uterine 
PSVN during early pregnancy in ewes (Ford et al., 1976). 
This study was therefore conducted to determine the association 
between uterine arterial contractility, NE concentrations and 
a-adrenergic receptor numbers, and the concentrations of estrone 
(El), estradiol-17g (E26) and Pt^ in systemic blood during the 
estrous cycle and early pregnancy in gilts. 
Materials and Methods 
Experimental procedures 
Yorkshire gilts of similar age and weight (10-12 mo, 140-160 
kg) that had exhibited estrous cycles of normal duration (18-22 
days) were assigned randomly to be sacrificed during the follicular 
phase (FP, Days 19 to 21; n = 8) or luteal phase (LP, Day 13; 
n = 7) of the estrous cycle, or on Day 13 of pregnancy (P; n = 7). 
Gilts in the P group were mated to an intact boar on the first day 
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of estrus (first day of estrus or mating = Day 0). Immediately 
before sacrifice, a sample of blood was obtained from the anterior 
vena cava of each gilt and plasma frozen at -20°C until assayed 
for Ej and by radioimmunoassay. Pregnancy was verified 
by flushing each uterine horn of P gilts with 0.9% saline to 
recover conceptus tissue. 
At sacrifice, a 3.0 cm segment of the middle uterine artery 
supplying one uterine horn was excised immediately before its 
first bifurcation in the mesometrium, and placed into a container 
of oxygenated (95% O2, 5% CO2) Krebs-Ringer (KR) solution (22°C; 
millimolar composition = NaCl, 118.1; NaHCOg, 25.0; KCl, 4.7; 
CaClg.GHgO, 2.5; KHgPO^, 1.2; MgSO^.VHgO, 1.2; glucose, 11.1). 
The remainder of the uterine arterial tissue within the mesometrium 
of both uterine horns was excised, weighed, placed in a vial 
containing 0.9% saline and immediately frozen in an acetone; 
ethanol (1:1, v/v) bath on dry ice. In addition, branches of 
the cranial mesenteric artery of each gilt, that were similar 
in size to uterine arteries, were collected, weighed and frozen 
to serve as control tissue. The arterial tissue was then stored 
at -80°C until assayed for «-adrenergic receptor binding and 
NE content. 
At the laboratory, each segment of the middle uterine artery 
that had been placed in KR solution was prepared for perfusion 
as previously described for ovine and bovine uterine arteries 
(Ford et al., 1976). Breifly, each arterial segment was cannulated 
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with polyethylene tubing, and mounted in a perfusion chamber 
within 60 min after sacrifice. Arterial segments were perfused 
both intraluminally and extraluminally with continuously oxygenated 
KR solution (37°C). The extraluminal flow rate was 10 ml/min. 
The intraluminal perfusion rate (20 ml/min) was held constant 
throughout the perfusion of each artery. Uterine arterial segments 
were allowed a 30-min equilibration period, by which time all 
arteries had established a baseline perfusion pressure (BPP), 
which remained constant for the duration of perfusion. After 
equilibration, each arterial segment received 3 sequential 10-
min perfusion periods with 0.9% saline, NE and saline, respectively. 
At the end of each 10-min perfusion period, PSVN were subjected 
to electrical stimulation (30 sec, 30 HZ, 70 V; Ford et al., 
1976). The change in perfusion pressure above BPP in response 
to electrical stimulation was defined as uterine arterial contractility. 
The final concentration of NE, administered into the intraluminal 
perfusate, was 500 ng/ml. The first saline perfusion was given 
to determine the endogenous response of uterine arterial segments 
to electrical stimulation of PSVN. Norepinephrine was administered 
to provide the PSVN with a maximal amount of releasable NE, without 
altering the BPP. The second saline perfusion was used to verify 
the continued viability of the preparation. Preliminary studies 
demonstrated that a major portion of the vasoconstrictor response 
of gilt uterine arterial segments to electrical stimulation was 
mediated by «-adrenergic receptors because 10-min perfusion of 
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phentolamine (100 ng/ml; a competitive a-adrenergic antagonist) 
reduced the response to electrical stimulation by 72 ± 9% (SEM; 
n = 8), compared with saline control perfusions. 
Alpha-adrenergic receptor binding was determined in the 
laboratory of Dr. D. E. Van Orden, Univ. of Iowa, for uterine 
and mesenteric arterial tissue using the a^-selective adrenergic 
antagonist ^H-WB-4101 (Amersham, Arlington Heights, IL), as described 
by Colucci et al. (1981). To facilitate homogenization, each 
vial of arterial tissue was thawed on ice and cut into l-cm sections. 
These sections of arterial tissue were then wrapped in aluminum 
foil, frozen in liquid nitrogen and pulverized. One-half to 
2 g of this tissue powder was homogenized in 0.25 M sucrose using 
a Polytron (Brinkmann Instruments, Inc., Westbury, NY). The 
resulting homogenate was centrifuged at 1500 x g for 15 min at 
4°C. The supernatant was poured through a gauze filter and 
further centrifuged at 100,000 x g for 1 hr at 4°C. The membreme-
rich pellet obtained after the final centrifugation was re-dissolved 
in Tris-HCl buffer (50 mM Tris-HCl, 5 mM MgClg, pH 7.6) to yield 
a final protein concentration of 2-3 mg/ml. Protein concentrations 
were determined by the method of Lowry et al. (1951) using BSA 
as the standard. Receptor binding studies were conducted at 
22°C, and all solutions of adrenergic agonists and antagonists 
were prepared immediately before use. Saturation curves for 
^K--WB-4101 were obtained by adding 25 ]il of ^H-WB-4101 solution 
(0.10-3.00 nM) and 25 pi of distilled H^O or 6.00 mM (-)-epinephrine 
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bltartrate (Calbiochem, San Diego, CA) to 100 yl of the arterial 
membrane preparation from each animal. This mixture was allowed 
to incubate for 20 min, and was then diluted with 4.5 ml Tris-
HCl buffer (22°C) and immediately filtered through a glass fiber 
filter (Whatman GP/C). The glass fiber filter was washed with 
two additional 4.5 ml aliquots of Tris-HCl, placed in a scintillation 
vial and radioactivity determined by liquid scintillation spectrometry. 
Specific binding was defined as the difference between the amount 
of ^H-WB-4101 bound in the presence and absence of epinephrine. 
Specific binding averaged '^70% of total binding at a ^H-WB-4101 
concentration of 0.40 nM (approximately the equilibrium dissociation 
constant, Kd, for ^H-WB-4101). Saturation curves for binding 
of ^H-WB-4101 by membrane preparations from each gilt were analyzed 
by the method of Scatchard (1949) for determination of Kd and 
the amount of radioligand bound at saturation (BMAX). The specific 
binding was saturable, rapid (reaching equilibrium in about 4 min) 
and remained stable for 20 min. Figures 1 and 2 show representative 
saturation curves obtained from membrane preparations of uterine 
and mesenteric arteries. Scatchard analysis demonstrated that 
binding of 3H-WB-4101 by all membrane preparations was linear 
(r - 0.97), indicating a single class of binding sites. To 
determine specificity of ^H-WB-4101 binding for uterine arteries, 
increasing concentrations (10-10 ^ o ICr^ M) of adrenergic agonists 
[(-)-epinephrine bitartrate and (-)-norepinephrine bitartrate, 
Calbiochem, San Diego, CA; (-)-isoproterenol -HCl, Sigma, St. Louis, 
Figure 1. Representative saturation curve for binding of ^H-WB-4101 by 
membrane preparations from uterine arteries of gilts. Inset: 
Scatchard analysis of saturation curve 
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Figure 2. Representative saturation curve for binding of ^H-WB-4101 
by membrane preparations from mesenteric arteries of 
gilts. Inset: Scatchard analysis of saturation curve 
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MO] and antagonists [WB-4101, Amersham, Arlington Heights, IL; 
prazosin -HCl, Pfizer, Brooklyn, NY; yohimbine -HCl, Sigma, St. 
Louis, MO] were added along with 0.70 nM ^H-WB-4101 to a membrane 
preparation from a pool of gilt uterine arteries. The Ki (inhibition 
constant) values for nonradioactive agonists and antagonists 
were calculated by the method of Cheng and Prusoff (1973). 
Catecholamines competed with ^H-WB-4101 for binding sites with 
the classic «-adrenergic order of potency (Bevan et al., 1980): 
(-)-epinephrine (Ki = 0.60 yM) > (-)-norepinephrine (Ki = 1.50 pM) > 
(-)-isoproterenol (Ki = 120.00 yM). Unlabeled WB-4101 displayed 
a Ki of 0.36 nM. The «^-selective antagonist prazosin (Ki = 
1.10 nM) was 118 times more potent in competing for uterine arterial 
binding sites than the Og-selective antagonist yohimbine (Ki = 
130.00 nM). Potencies of these selective a-receptor antagonists 
indicate that this assay measures primarily the «^-adrenergic 
receptor subtype, which is thought to mediate post-synaptic 
ot-adrenergic effects (Berthelsen and Pettinger, 1977). 
Concentrations of NE in uterine and mesenteric arterial 
tissues were determined in the laboratory of Dr. R. K. Bhatnagar, 
Univ. of Iowa, using a radiochemical enzymatic assay as previously 
published (Clark et al., 1978). 
Concentrations of P^, and E^g in vena cava blood were 
measured by using radioimmunoassays previously validated in this 
laboratory, as reported by Magness and Ford (1982). For each 
hormone, all samples were analyzed in a single assay. The intra-
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assay coefficients of variation were 6.5%, 5,4% and 9.2% for 
and EgB, respectively. 
Statistical analysis 
Differences in uterine arterial contractility between treatment 
groups were analyzed statistically by split-plot analysis for 
a completely randomized design, with perfusion periods as the 
subplot (Kirk, 1968). Data for BPP, BMAX, Kd, NE and steroid 
hormones were analyzed by analysis of variance for a completely 
randomized design. For comparing BMAX, Kd and NE in uterine 
vs. mesenteric arteries a factorial analysis of variance was 
utilized (Kirk, 1968). Differences between means were evaluted 
by using orthogonal contrasts (Kirk, 1968). Correlations between 
hormone concentrations and uterine arterial contractility at 
the end of saline perfusions (periods 1 and 3), BMAX, Kd and 
NE were calculated for each treatment group. All data are reported 
as the mean ± SEM. 
Results 
Uterine arterial segments for vitro perfusion were obtained 
from only 4 gilts in each treatment group. The BPP did not 
differ (P>0.10) between treatment groups, averaging 26 ± 1 mm Hg. 
Within a treatment group, uterine arterial contractility was 
similar at the end of both saline perfusion periods, indicating 
continued viability of the preparations, and the response to 
electrical stimulation at the end of both saline perfusions (periods 
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1 and 3) have therefore been averaged in Fig. 3. Contractility 
at the end of saline and NE perfusion periods was greater (P< 
0.01) for uterine arteries from LP gilts than for PP and P gilts, 
which were similar (Pig. 3). The contractile response to electrical 
stimulation at the end of NE perfusion was greater (P<0.05) 
than at the end of saline perfusions for uterine arteries from 
LP and P, but not for FP gilts (Fig. 3). 
Although the contractility of uterine arteries from LP gilts 
was greater than for uterine arteries from P gilts, their BMAX 
(fmole ^H-WB-4101 bound/mg protein) was similar, and was greater 
(P<0.05) than that of PP gilts (Pig. 4). There were no differences 
between treatment groups in the uterine arterial Kd for ^H-WB-4101 
or uterine arterial concentrations of NE. For mesenteric arteries, 
treatment groups did not differ in their BMAX for ^H-WB-4101, 
(Fig. 4). In addition, there was no difference between treatment 
groups in Kd or the concentrations of NE in mesenteric arteriàl tissue. 
However, mesenteric arteries from all treatment groups had a 
lower BMAX (P<0.01) and Kd (P<0.05) than for uterine arteries 
(30.5 ± 2.6 vs. 42.8 ± 2.9 fmole/mg protein amd 0.32 ± 0.03 vs. 
0.44 ± 0.04 nM, respectively). In addition, the concentrations 
of NE were greater (P<0.01) for mesenteric than for uterine 
arteries across all treatment groups (0.98 ± 0.12 vs. 0.34 ± 
0.03 ng/mg tissue, respectively). 
Saniples of vena cava blood were not obtained for 2 P gilts 
before sacrifice. The concentrations of in vena cava plasma 
Figure 3. Change in perfusion pressure from baseline in response to 
electrical stimulation at the end of saline and 
norepinephrine perfusion periods for uterine arteries 
from gilts. Means ± SEM 
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were not different between treatment groups, but Eg g was greater 
(P<0.05) for FP than LP and P gilts (Table 1). The concentrations 
of P^ were less (P<0.01) for FP than for LP and P gilts (Table 1). 
This difference in concentrations of Egg auid P^ resulted in a 
greater (P<0.01) E:P^ ratio in systemic blood of FP than LP 
and P gilts (Table 1). 
For all treatment groups, BMAX of uterine arteries was positively 
correlated with concentrations of P^ (r = 0.49; P<0.03) and 
negatively correlated with the E:P^ ratio (r = -0.53; P<0.03) 
in systemic blood. Uterine arterial contractility in response 
to electrical stimulation at the end of saline perfusion was positively 
correlated with P^ (r = 0.74; P<0.05) and negatively correlated 
with the E:P^ ratio (r = -0.70; P<0.05) only during the estrous 
cycle (FP and LP gilts). During early pregnancy, significant 
correlations between steroid concentrations in systemic blood 
and uterine arterial contractility were not observed. 
Discussion 
For nonpregnant gilts in this study, uterine arterial contrac­
tility and concentrations of a-adrenergic receptors were greatest 
during the luteal phase and lowest during the follicular phase. 
In addition, both uterine arterial contractility and a-receptor 
binding were positively correlated with P^ and negatively correlated 
with the E:Py ratio in systemic blood. These data agree with 
those of Ford et al. (1977b), who observed that the contractility 
of ovine uterine arterial segments was greatest during the luteal 
Table 1. Concentrations of steroids and ratio of estrogen: progesterone in vena cava plasma 
Treatment 
group 
No. of 
gilts 
(ng/ml) (pg/ml) Egg (pg/ml) E:P, 1 4 
Nonpregnant 
(Day 13) 
Nonpregnant 
(Days 19 to 21) 
Pregnant 
(Day 13) 
34.12 ± 1.93* 9,5 ± 0.4® 14.5 ± 1.6* 0.7 ± 0.1® 
0.89 ± 0.10^ 11.8 ± 1.8® 27,5 ± 6,7^ 50,5 ± 14.0^ 
34.18 ± 1.82® 11,1 ± 1,9* 14,3 ± 1.4= 0.6 ± 0.1' 
Egg (pg/ml)/Pj^ (ng/ml). 
®''^^ans (± SEM) within a column with different superscripts differ (P<0.05 for Egg; 
P<0.01 for E:P^). 
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phase and least during the follicular phase of the estrous cycle. 
Ford et al. (1977c) demonstrated that these differences were 
due to the effects of the ovarian steroids on the uterine PSVN 
because treatment of ovariectomized ewes with increased while 
Egg decreased vitro contractility of uterine arterial segments 
to NE or electrical stimulation compared with arterial segments 
from control ovariectomized ewes. When these ewes were treated 
with estrogen plus , uterine arterial contractility was similar 
to that of controls, indicating an antagonistic effect of estrogen 
and P(^ in controlling the activity of uterine PSVN. Barton et 
al. (1974) observed that the uterine vascular bed of estrogen-
treated ovariectomized ewes was approximately tenfold less sensitive 
to the vasoconstrictor effects of exogenous NE than that of 
control ovariectomized ewes, suggesting that estrogen may affect 
postsynaptic a-adrenergic receptors. Recently, it was demonstrated 
that the vasodilatory response of the bovine uterus to phentolamine 
(a competetive a-adrenergic antagonist) or E^g was not additive 
when equimolar amounts of each were infused simultaneously into 
the uterine artery, suggesting that EgB may increase 
UBF by interacting with a-adrenergic receptors (Ford and Reynolds, 
1983a). Data from the present experiment agree with these observations 
and indicate that the primary mechanism by which estrogen and 
Pj^ induce changes in UBF during the estrous cycle is by altering 
the levels of postsynaptic uterine arterial a-adrenergic receptors. 
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The interaction of estrogens with a-adrenergic receptors 
would be more easily explained if the estrogens had a structure 
similar to the catecholamines. Estrone and E^g can be hydroxylated 
to yield 2- or 4-hydroxyestrone and 2- or 4-hydroxyestradiol, 
respectively (Ball and Knuppen, 1980). Intra-arterial injection 
of the 2-hydroxy derivatives of both E^ and E^B induced uterine 
vasodilation in ovariectomized ewes (Rosenfeld and Jackson, 1982). 
In addition, porcine uterine arteries are capable of synthesizing 
2-hydroxyestrone from E^ in vitro (Van Orden et al., 1983a). 
Recently, 2-hydroxyestrone and 2-hydroxyestradiol have been shown 
to have a moderate ability to inhibit binding of 3H-WB-4101 (Ki 
= 30 yM) to uterine arterial a-adrenergic receptors (D. B. Farley 
and D. E. Van Orden, Univ. of Iowa, and S. P. Ford, Iowa State 
Univ., unpublished observations). Thus, estrogens may be converted to 
a hydroxylated form, which then interacts with a-adrenergic receptors. 
The concentrations of a-adrenergic receptors and NE in mesenteric 
arteries did not change with stage of the estrous cycle, indicating 
that mesenteric PSVN are not controlled by systemic ovarian steroids. 
Concentrations of NE in uterine arterial tissue also were not 
influenced by stage of the estrous cycle. Significant differences 
were observed, however, in the levels of a-receptors and NE between 
uterine and mesenteric arteries. Even though concentrations 
of a-adrenergic receptors were lower in mesenteric than in uterine 
arteries, the low Kd of mesenteric arterial a-adrenergic receptors 
indicates that their affinity for neurotransmitter may be greater 
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than that of uterine arterial «-adrenergic receptors. The 
concentration of NE in arterial tissue has been used as a 
quantitative measure of innervation density (Sevan et al., 1980). 
The ratio of NE concentration to postsynaptic (a^) adrenergic 
receptor binding sites has also been used as a measure of sympathetic 
innervation of arteries (Bobik, 1982). Using either of these 
criteria, the density of sympathetic innervation is greater for 
mesenteric than for uterine arteries of gilts. These data agree 
with those of Bobik (1982) who found the ratio of NE 
concentration to a-adrenergic receptors was greater for mesenteric 
than for aortic, renal or femoral arterial tissue of dogs. In 
addition, the low sympathetic innervation density and high levels 
of a-adrenergic receptors in uterine arterial tissue may indicate 
that the uterine vascular bed is more responsive to circulating 
catecholamines than the mesenteric vasculature (Bobik, 1982). 
Uterine arterial contractility was reduced on Day 13 of 
pregnancy compared with the same day of the estrous cycle. A 
similar decrease in the contractility of the ovarian vascular 
bed of gilts has been observed on Day 13 of pregnancy (Reynolds 
and Ford, 1982), in association with a transient increase in 
blood flow to the corpora lutea (Ford et al., 1982c). Although 
contractility was reduced, the levels of uterine arterial 
a-receptors were similar for P and LP gilts. Thus, the conceptus 
may induce the transient increases in uterine and ovarian blood 
flow observed on Days 12-14 postmating by affecting the function 
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of arterial smooth muscle cells, independent of effects on arterial 
a-adrenergic receptors. In support of this proposal, Reynolds 
and Ford (1982) found the response of the ovarian vascular bed 
to 0.1 M KCl, which causes nonspecific depolarization of vascular 
smooth muscle (Sparks, 1980), was markedly reduced on Day 13 
in pregnant compared with nonpregnant gilts. The lack of 
significant correlations between uterine arterial contractility 
of P gilts and systemic steroid levels indicates a local effect 
of the conceptus to increase UBP. If estrogens, which are secreted 
by the gravid porcine uterus (Ford et al., 1982a, Magness and 
Ford, 1982), are responsible for uterine vasodilation during 
early pregnancy, they do not appear to reduce a-adrenergic receptor 
concentrations as during the follicular phase of the estrous 
cycle. 
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EXPERIMENT II. ROLE OF PERIARTERIAL 
SYMPATHETIC NERVES IN ALTERING OVARIAN BLOOD PLOW 
DURING THE ESTROUS CYCLE AND EARLY PREGNANCY IN GILTS 
Introduction 
The arteries of the uterine and ovarian vascular beds are innervated 
by post-ganglionic sympathetic neurons which become incorporated into 
the walls of these arteries at their points of origin and traverse their 
entire length (Shabanah et al., 1964). Vasoconstriction, mediated by 
a-adrenergic (sympathetic) receptors, predominates in the vessels of 
the uterus and ovaries (Innes and Nickerson, 1970). Electrical stimulation 
of periarterial sympathetic vasoconstrictor nerves (PSVN), or exogenous 
norepinephrine (NE), reduces uterine blood flow (UBF) of pregnant or 
nonpregnant ewes nearly to zero (Greiss and Gobble, 1967; Barton.et al., 
1974). 
Elevated estrogen levels in systemic blood of intact or ovariectomized 
ewes and heifers are associated with decreased vasoconstrictor activity 
of the uterine and ovarian arteries in response to exogenous NE and 
electrical stimulation of PSVN (Barton et al., 1974; Kuhl et al., 1974; 
Ford et al., 1977b,c). Estrogen administration results in increased 
UBF in the ewe (Huckabee et al., 1970), cow (Roman-Ponce et al., 1978) 
and sow (Dickson et al., 1969) and increased ovarian blood flow (OBF) 
of ewes (Rosenfeld, 1980). Progesterone (P^) increases the contractility 
of uterine and ovarian arteries (Kuhl et al., 1974; Ford et al., 1976, 
1977a,b,c) and antagonizes the uterine vasodilatory effect of estrogen 
(Greiss and Anderson, 1970a; Caton et al., 1974). 
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During luteal regression, decreased ovarian Pi, secretion is associated 
with decreased blood flow through the corpora lutea (CL) in the ewe 
(Niswender et al., 1976; Brown et al., 1980), cow (Ford and Chanault, 
1981) and sow (Magness et al., 1983). The luteolytic activity of prosta­
glandin (PG) F 2a may be partially due to its decreasing luteal blood 
flow (Pharriss, 1970; Nett and Niswender, 1981). Prostaglandin F 
enhanced the in vitro contractility of uterine arteries from nonpregnant, 
but not pregnant, ewes and cows in response to nerve stimulation (Ford 
et al., 1976). Intraluminal perfusion of conceptus brei or uterine 
flushings from pregnant animals prevented the vasoconstrictor effect 
of PGFgct on uterine arteries from nonpregnant animals (Ford et al., 
1976; Ford, 1978). Transient increases in uterine, oviductal and CL 
blood flow have been observed on Days 11 to 13 postmating in sows (Ford 
et al., 1982c), coincident with maternal recognition of pregnancy in 
this species (Dhindsa and Dziuk, 1968; Ford et al., 1982a). 
Since the PSVN of the ovarian artery are continuous with those 
of the arteries and arterioles within the ovary (Unsicker, 1974), steroid 
and conceptus-induced changes in OBF may be mediated by changes in the 
activity of the PSVN of the ovarian vascular bed. Thus, this study 
was conducted to determine the association between ovarian vascular 
contractility (OVC) and systemic concentrations of Pi», estrone (Ei) 
and estradiol-17 3(E23) at two stages of the estrous cycle and during 
early pregnancy in gilts. 
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Materials and Methods 
Experimental procedures 
Yorkshire gilts of similar age and weight (10 mo, 150 ± 5 kg) that 
had exhibited at least 3 estrous cycles of normal duration (20.6 ±0.3 
days) were assigned randomly to be sacrificed during the follicular 
phase (PP, Days 20 to + 1; n = 5) or luteal phase (LP, Days 11 to 13; 
n = 4) of the estrous cycle, or on Day 13 of pregnancy (P; n = 5). 
Gilts in the P group were mated to an intact boar on the first day of 
estrus. The first day of estrus or mating was designated Day 0. 
Immediately before sacrifice, a sample of blood was obtained from the 
anterior vena cava of each gilt. Plasma was frozen at -20°C until assayed 
for Pij, Ej and Egg by radioimmunoassay. Pregnancy was verified by flushing 
each uterine horn of P gilts with 0.9% saline to recover conceptus tissue. 
One randomly selected ovary with its attached vasculature was excised 
from each reproductive tract and placed into a container of oxygenated 
(95% Og, 5% COg), Krebs-Ringer (KR) solution (22°C) of the following 
millimolar composition: NaCl, 118.1; NaHCOg, 25.0; KCl, 4.7; CaClg. 
GHgO, 2.5; KHgPO^, 1.2; MgSOj^. VHgO, 1.2; glucose, 11.1. At the labora­
tory, each ovary was immediately transferred to a container of continuously 
oxygenated KR solution and prepared for perfusion. The perfusion system 
was similar to that used for uterine arteries in experiment I and by 
Ford et al. (1977a) for ovarian arteries, but was modified as follows; 
For each ovary, one of the 2 to 4 major branches of the ovarian artery 
(Ginther, 1976) was cannulated as it entered the ovarian hilus, using 
polyethylene tubing. Ten milliliters of 0.9% saline were infused slowly 
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into the arterial cannula to flush blood from the vascular bed, followed 
by 1 ml of Evans Blue dye (750 pg/ml) to visually determine the extent 
of vascular perfusion. Within 1 hr of collection, each ovary was mounted 
in a chamber, which had been specially designed for ovarian perfusion; 
as depicted in Fig. 1. The intraluminal perfusion rate was adjusted 
during a 60-min equilibration period, by which time all ovaries had 
established a constant perfusion pressure of ^ ,80 millimeters of mercury 
(mm Hg), and this was defined as the baseline perfusion pressure (BPP)• 
The extraluminal superfusion flow rate was 40 ml/min. 
At the end of the 60-min equilibration period, intraluminal flow 
rate and BPP were recorded for each ovary. Each ovary maintained this 
flow rate and BPP for the duration of perfusion. After equilibration, 
drugs were perfused for 20 min (perfusion periods 1-3) or 10 min (periods 
4-8) into the perfusate at a rate of 0.07 ml/min using a Harvard syringe 
infusion pump, and were flushed from the perfusion chamber by the super-
fusion flow. The order of perfusion and final concentration of each 
drug in the perfusion fluid were; 1) vehicle (0.9% saline); 2) PGF^a-
tromethamine salt, 1 ng/ml; 3) saline; 4) DL-norepinephrine (NE), 100 
ng/ml; 5) phentolamine HCl (PHEN), 100 ng/ml; 6) NE, 100 ng/ml; 7) NE, 
100 ng/ml; 8) NE, 100 ng/ml. At the end of each perfusion period, 
vasoconstriction was induced by transmural electrical stimulation (ES) 
of the PSVN of the ovarian vascular bed, using bipolar platinum electrodes 
placed on both sides of the cannulated ovarian artery and separated 
by 1 cm (Pig. 1). The electrical stimulus was identical to that used 
in experiment I. Ovarian vascular contractility was quantified as a 
Figure 1. Schematic drawing of ovarian perfusion chamber 
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change in perfusion pressure (mm Hg) in response to ES. After the last 
perfusion of NE (period 8), KCl was infused into the perfusion fluid 
at a final concentration of 7.4 mg/ml, and the maximum perfusion pressure 
attained was recorded. Finally, 1 ml of Evans Blue dye was again infused 
into the arterial catheter as described above to determine if changes 
in the extent of ovarian vascular perfusion had occurred. 
The rationale for the sequence of drug perfusions and the drugs 
used is presented below. Responses of the ovarian vascular bed to ES 
of the PSVN at the end of saline perfusions served as controls with 
which to compare the effects of PGP^a and NE on OVC to ES. It was assumed 
that PGFgO would enhance vasoconstriction to ES in ovaries from nonpregnant, 
but not pregnant, sows, as reported previously for uterine arteries 
of ewes and cows (Ford et al., 1976). Perfusion of NE was used to provide 
the PSVN with a maximal amount of releasable NE, since sympathetic nerve 
terminals take up and store exogenous NE in vitro, and release it upon 
ES (Steinsland et al., 1973). The initial perfusion of NE served as 
a control with which to compare the effects of subsequent perfusions 
of NE. Phentolamine (a reversible competitive inhibitor of NE for 
a-adrenergic receptors) was perfused to verify that the effects of ES 
were mediated by a-adrenergic receptors. Ovaries were subjected to 
repeated perfusions of NE after PHEN to determine whether displacement 
of this competitive a-adrenergic antagonist would result in a return 
of vasoactivity. The final concentration used for each drug (in the 
perfusion fluid) was based upon preliminary data, and was the maximal 
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concentration that did not affect BPP. Prostaglandin (and thus 
the accompanying saline control periods) was perfused for 20 min to 
maximize its possible effect on OVC in response to ES. 
Concentrations of P^^ , and E^g in vena cava blood were measured 
by using radioimmunoassay procedures described for experiment I. For each 
hormone, all samples were analyzed in a single assay. The intra-assay 
coefficients of variation were 5.5%, 5.4% and 9.2% for , E^ and E^g, 
respectively. 
Statistical analysis 
Differences in ovarian vascular contractility between treatment groups 
were analyzed statistically by split-plot analysis for a completely 
randomized design, with perfusion periods as the subplot (Kirk, 1968). 
Data for BPP, flow rates, contractile responses to KCl and steroid hormones 
were analyzed by analysis of variance. Differences between means were 
evaluated by using orthogonal contrasts (Kirk, 1968). Correlations between 
hormone concentrations and OVC at the end of saline perfusion (periods 
1 and 3) were calculated for each treatment group. 
Results 
Although BPP was similar for all treatment groups, the intraluninal 
flow rates for ovaries from LP and P gilts were greater (P<0.05) than 
for FP gilts (Table 1). 
Within a treatment group, OVC in response to ES was similar (P>0.10) 
for periods 1, 2 and 3 (saline, PGFgo and saline, respectively; Fig. 2). 
Ovarian vascular contractility at the end of periods 1, 2 and 3, however. 
55 
Table 1. Baseline perfusion pressures and flow rates for 
ovaries 1 hr after placement in perfusion chambers 
Treatment No. of Baseline perfusion Flow rate 
group gilts pressure (mm Hg) (ml/min) 
Nonpregnant 4 79 ±2^ 7.7 ± 3.7^ 
(Days 11 to 13) 
Nonpregnant 5 88 ±3^ 1.5 ± 0.5^ 
(Days 20 to 1) 
Pregnant 5 84 ±3® 4.2 ± 1.2^ 
(Day 13) 
^'^Means (+ SEM) within a column with different superscripts differ 
(P<0,05). 
Figure 2. Change in perfusion pressure from baseline 
80 mm Hg) in response to electrical 
stimulation at the end of each perfusion period 
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was greater (P<0.01) for ovaries from LP gilts than for PP and P gilts 
(150 ± 6 vs. 43 ± 14 and 27 ± 12 mm Hg, respectively). Although 
perfusion of NE (period 4) increased (P<O.OS) OVC in response to ES 
for all ovaries, OVC was again greater (P<0.01) for ovaries from LP 
gilts compared with FP and P gilts (260 ± 57 vs. 78 ± 36 and 64 ± 24 
mm Hg, respectively). Blockade of a-adrenergic receptors by PHEN reduced 
(P<0.05) OVC to ES by approximately 50% for all ovaries when compared 
to saline perfusions (periods 1 and 3). Repeated perfusions of NE 
(period 6, 7 and 8) after PHEN resulted in a return of contractility 
for all ovaries to levels that were not different (P>0.10) from those 
observed after saline perfusions (Pig. 2). The maximum perfusion pressure 
attained during perfusion of 7.4 mg/ml (10~^ M) KCl was greater (P<0.05) 
for ovaries from LP and PP gilts than for P gilts (539 ± 39 and 425 ± 
75 vs. 259 ± 59 mm Hg, respectively). 
Samples of vena cava blood were not obtained for 2 PP gilts before 
sacrifice. Although concentrations of E.^ and Egg in vena cava plasma 
did not differ between treatment groups, concentrations of P^ were greater 
(P<0.01) for LP and P than for FP gilts (Table 2). This difference 
in concentrations of P^ resulted in a greater (P<0.01) estrogen (E^ + 
Egg) to Pj^ ratio (E:P^; pg/ml: ng/ml) in systemic blood of FP than LP 
and P gilts (Table 2). 
Ovarian vascular contractility in response to ES at the end of 
saline perfusions (periods 1 and 3) was positively correlated (r = +0.90; 
P<0,01) with concentrations of and negatively correlated (r = -0.99; 
P<0.01) with E;P^ in systemic blood of gilts during the estrous cycle 
Table 2. Concentrations of steroids and ratio of estrogen: progesterone in vena cava plasma 
Treatment No. of 
group gilts (ng/ml) (pg/ml) E^g (pg/ml) E:P^1 
Nonpregnant 4 18.98 ± 1.76& 15.0 ± 4.0& 8.0 ± 0.6^ 1.2 ± 0.2^ 
(Days 11 to 13) 
Nonpregnant 3 1.02 ± 0.16^ 14.0 ± 2.5% 7.3 ± 0.5® 21.7 ± 3.4% 
(Days 20 to 1) 
Pregnant 5 19.79 ± 0.07® 15.9 ± 3.0* 12.8 ± 1.4® 1.4 ± 0.2® 
(Day 13) 
^2^ (pg/ml)/P^^ (ng/ml). 
®»^eans (± SEM) within a column with different superscripts differ (P<0.01). 
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(Table 3). However, during early pregnancy, significant correlations 
between steroid concentrations in systemic blood and OVC were no longer 
observed. 
Discussion 
These data demonstrate that OVC is greatest during the luteal phase 
of the estrous cycle and is highly correlated (P<0.01) with concen­
trations in systemic blood. This is in agreement with previous obser­
vations that exposure to P'^^ augmented vitro constriction of ovarian 
(Kuhl et al., 1974) and uterine (Ford et al., 1977b,c) arteries to nerve 
stimulation. Progesterone may enhance vasoconstriction by directly 
affecting the activity of PSVN. In experiment I, it was observed that 
uterine arteries of LP gilts exhibited greater vitro contractility to 
ES, in association with greater numbers of a-adrenergic receptors, than 
uterine arteries from estrous gilts. 
In contrast, OVC was negatively correlated (P<0.01) with E:P^ in 
systemic blood, being lowest during the follicular phase. As mentioned 
above, the reduced ûi vitro contractility of uterine arteries from PP 
gilts when compared to LP gilts was associated with reduced arterial 
concentrations of a-adrenergic receptors. Estrogens may have a direct 
effect on PSVN terminals since estradiol has been shown to reduce the 
content of NE in uterine PSVN of ovariectomized rats coincident with 
increased uterine blood flow (McKercher et al., 1973). Thus, the ratio 
of E:P^ in systemic blood appears to regulate vasoconstriction, and 
therefore blood flow, to the uterus and ovaries during the estrous cycle 
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Table 3. Association between ovarian vascular contractility 
at the end of saline perfusions^ and concentrations 
of steroids in vena cava plasma^ 
Estrous cycleC Early pregnancy 
Progesterone + 0.90** - 0.83 
Estrone - 0.08 + 0.01 
Estradiol + 0.38 + 0.05 
- 0.99** + 0.39 
^Average of perfusion periods 1 and 3. 
^Correlation coefficients. 
°LP + FP gilts. 
+ Egg (pg/mD/P^ (ng/ml). 
**(P<0.01). 
62 
by altering the quantity of neurotransmitter to which the vascular smooth 
muscle is exposed, as well as the number of a-adrenergic receptors on 
smooth muscle cells. 
Intraluminal flow rates were higher for ovaries from LP and P than 
FP gilts even though BPP were similar (Table 1). This probably reflects 
the higher rates of OBF observed for gilts during the luteal phase 
of the estrous cycle and early pregnancy compared with gilts at estrus 
(Magness et al., 1983). Ovarian blood flow is highly correlated with 
P(^ concentrations in systemic blood throughout the estrous cycle of the 
ewe (Brown et al., 1980), cow (Ford cind Chenault, 1981) and sow 
(Magness et al., 1983). Since blood flow to the CL represents 90% of 
OBF in the sow (Ford et al., 1982c), the positive correlation between 
OBF and systemic Pj^ may simply reflect the large increase in the size of 
the ovarian vascular bed during the luteal phase of the estrous cycle. 
After luteolysis, the size of the ovarian vascular bed is tremendously 
reduced, which may explain the apparent negative association between 
estrogens and OBF (Magness et al., 1983) even though OVC is lowest 
during the follicular phase. 
On Day 13 of pregnancy, which corresponds to maternal recognition 
of pregnancy for this species (Dhindsa and Dziuk, 1968; Ford et al., 
1982a), OVC was reduced, which may explain the 60% increase in luteal 
blood flow previously observed on the same day of pregnancy (Ford et al., 
1982c). Since a reduction in blood flow to the CL may be a primary 
event during natural and PGFgO-induced luteolysis (Niswender et al., 
1976; Nett and Niswender, 1981), this increase in luteal blood flow 
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could be part of the embryonic antiluteolytic/luteotropic signal. In 
support of this proposal, Magness et al. (1983) observed a transient 
increase in systemic concentrations on Days 13 and 14 of pregnancy 
in the pig. Since OVC of Day 13 pregnant gilts was not significantly 
correlated with systemic concentrations of ovarian steroids, local 
production of a vasodilatory substance by the gravid uterus is suggested. 
Estrogens (E^ and EgS) are produced by porcine conceptuses, and are 
secreted from the gravid uterus as early as Day 11 postmating (Perry 
et al., 1975; Ford et al., 1982a; Magness amd Ford, 1982). In addition, 
infusion of E26 into an isolated uterine horn on Days 11 to 15 postestrus 
was able to preferentially stimulate P^ secretion by CL on the side 
of infusion (Ford et al., 1982b). Thus, a conceptus-associated vasodi­
latory substcince, possibly estrogen, appears to act locally to reduce 
OVC, which leads to an increase in OBP and ovarian P^ secretion during 
early pregnancy. 
An interesting observation was that ovaries from Day 13 pregnant 
gilts had a lower response to KCl than ovaries from gilts during either 
stage of the estrous cycle. At the dose infused in this study, KCl 
causes a nonspecific depolarization of smooth muscle membremes and should 
induce maximal vasoconstriction (Sparks, 1980). Ovaries from P gilts 
appear to have a reduced capacity for vasoconstriction, suggesting an 
effect of the embryonic vasodilatory factor(s) on the contractile 
components of ovarian vascular smooth muscle, independent of effects 
on the PSVN. In support of this concept, no differences in 01-receptor 
numbers or NE content of uterine arteries from Day 13 pregnant or 
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nonpregnant gilts were observed in experiment I, even though in vitro 
contractility was markedly reduced on Day 13 of pregnancy. 
The lack of effect of PGP^a on OVC in this study was unexpected 
since the same dose of PGP2a augmented contractility of uterine (Ford 
et al., 1976) and ovarian (Ford et al., 1977a) arteries in vitro. 
However, PGP^a has been shown to dilate the ovarian stromal vascular 
bed (Janson et al., 1975; Varga and Folly, 1977). Since all cannulated 
ovarian arteries in the present study perfused both luteal and nonluteal 
tissue, it is possible that any vasoconstrictor effect of PGF^ct was 
offset by concomiteint stromal vasodilation. The observation that each 
artery perfused a large proportion of the ovary is consistent with 
reports describing the complex network of arteries within the porcine 
ovary (Andersen, 1926; Nunez cuid Getty, 1969). 
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EXPERIMENT III. UTERINE BLOOD FLOW DURING EARLY 
PREGNANCY IN EWES; INTERACTION BETWEEN THE 
CONCEPTUS AND THE CORPUS LUTEUM-BEARING OVARY 
Introduction 
The embryonic "signal" that initiates luteal maintenance occurs on 
about Day 12 postmating in the ewe and sow (Moor and Rowson, 1966; Dhindsa 
and Dziuk, 1968) and Day 16 postmating in the cow (Northey and French, 
1980). Coincident with pregnancy recognition, a transient increase 
in blood flow (BF) is observed only for the uterine horn containing 
the conceptus(es) in cows (Ford et al., 1979), and unilaterally pregnant 
sows (Ford and Christensonf 1979). This increase in BF to the gravid 
uterine horn is associated with elevated estradiol-17g (EgG) levels 
in uterine luminal fluid and venous blood of both species (Ford et al., 
1981). Administration of E^g induces uterine vasodilation in cows (Roman-
Ponce et al., 1978) and sows (Van Orden et al., 1983b). 
Estradiol-17 g also stimulates increased uterine BF in ewes (Killam 
et al., 1973). Production of estrogens by ovine conceptuses during 
early pregnancy could not be demonstrated (Gadsby et al., 1980). However, 
E^g levels in the uterine lumen and uterine arterial (UA) and uterine 
venous (UV) blood have not been evaluated. 
For ewes on Day 15 postmating. Ford et al. (1976) observed a 
diminished vasoconstrictor response of uterine arteries ipsilateral 
but not contralateral to the corpus luteum (CL)-bearing ovary, suggesting 
a local influence of the CL on mediating conceptus-induced uterine 
vasodilation. Greiss and Anderson (1970b) observed a transient increase 
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in uterine BF on Days 13 to 15 postmating for some of the ewes in their 
study. Others, however, have been unable to demonstrate this transient 
increase in uterine BP (Fleet and Heap, 1982). These varicible results 
may have been obtained because BF was only measured for one uterine 
horn, and was not evaluated with respect to the location of the CL-bearing 
ovary or conceptus. 
This study was therefore conducted to determine the influence of 
the conceptus and the CL-bearing ovary on BF to each uterine horn, and 
to determine UA, UV and uterine luminal concentrations of before, 
during and after maternal recognition of pregnancy in the ewe. 
Materials and Methods 
Experimental procedures 
Multiparous crossbred ewes were checked for estrus twice daily 
(0730 hr and 1730 hr) using a vasectomized ram, and only ewes exhibiting 
estrous cycles of normal duration (15-18 days) were used. Twenty ewes 
(Group 1) were assigned randomly, in equal numbers, to surgery on Day 
9, 11, 13 or 15 postestrus (day of estrus = Day 0). Feed and water 
were withheld from ewes for 24 hr before surgery. At surgery, a catheter 
was inserted into a jugular vein and general anesthesia was induced 
by infusion of pentobarbital sodium (26 mg/kg; Fort Dodge Labs,, Inc., 
Fort Dodge, lA). Surgical anesthesia was maintained by supplemental 
infusion of pentobarbital (32-65 mg) as necessary. The uterus and ovaries 
were exposed through a midventral incision and the location of CL was 
recorded. An electromagnetic flow transducer was implanted around the 
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middle uterine artery supplying each uterine horn, as previously described 
(Ford and Christenson, 1979). Blood flow (ml/min) for each uterine 
horn was recorded at 15-sec intervals throughout a 10-min period and 
the average of these values taken as an estimate of BF for that uterine 
horn. After BF measurements were taken, the electromagnetic transducer 
was removed from the artery. A polyvinyl catheter was then placed in 
a branch of the uterine artery and a branch of the uterine vein supplying 
and draining each uterine horn. Simultaneous samples of UA and UV blood 
were obtained from each horn, and plasma was stored at -20°C. After 
surgery, ewes in Group 1 were checked for estrus twice daily throughout 
the experiment. These ewes were allowed 1 intervening estrous cycle 
and were then mated to an intact ram at their second post-surgical estrus. 
Each ewe received surgery on the same day of pregnancy as during her 
previous nonpregnant treatment cycle.. Surgical procedures used to 
obtain uterine BF measurements and UA and UV blood samples were identical 
to those described for the nonpregnant cycle. After collection of UA and 
UV blood samples, each uterine horn was isolated with a tissue clamp at 
its junction with the uterine body and flushed with 5.0 ml of sterile 0.9% 
saline to obtain conceptuses and uterine flushings. Conceptus tissue 
was recovered from 17 of 20 mated ewes. Because of the fragile nature 
of the tissue, conceptuses were not separated from uterine flushings, 
but were dispersed by repeatedly filling a syringe and forcing the uterine 
flushings through a 20-gauge hypodermic needle. Uterine flushings were 
stored at -20°C. Samples and BF recordings obtained from the 3 mated 
ewes (one Day 9 and two Day 11) from which no conceptus tissue was 
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recovered were discarded. Samples of UA and UV blood were not obtained 
from 1 ewe on Day 9 of pregnancy. 
To avoid the possibility of uterine infection and maximize conception 
rates, uterine flushings were not obtained from the 20 ewes in Group 1 
at their nonpregnant treatment surgery. A second group of 20 ewes 
(Group 2) was therefore assigned randomly, in equal numbers, to surgery 
on Day 9, 11, 13 or 15 postestrus. Procedures for induction and 
maintenance of surgical anesthesia were identical to those described 
above. The uterus and ovaries were exposed through a midventral incision. 
A uterine horn ipsilateral to a CL-bearing ovary was then flushed, in a 
manner identical to that described for mated ewes in Group 1, and 
flushings were stored at -20°C. No further data were collected from 
these ewes. 
Two milliliters of UA or UV plasma were extracted, chromatographed 
and assayed for exactly as previously described and validated for 
porcine and bovine plasma in this laboratory (Magness and Ford, 1982; 
Ferrell et al., 1983). The sensitivity of the assay, defined as the 
E^3 standard that yielded 95% of the counts/min in the buffer control 
tubes, was - 2 pg. The precision and accuracy of this procedure were 
evaluated by adding 2.5, 5.0, 12.5 and 25.0 pg of Egg to a pool of plasma 
from ovariectomized ewes on a pg/ml basis. Each standard plasma was 
assayed four times and the E^g concentration of the plasma blank was 
subtracted. The resulting E^g concentrations (pg/ml ± SEM) were 2.8 ± 
0.4, 4.6 ± 0.4, 12.7 ± 0.6 and 26.9 ± 0.7. Within-assay variability 
was determined by assaying replicates (n = 5) of a pool of systemic 
plasma from ewes in one assay. The resulting concentration (± SEM) 
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of Egg was 4.2 + 0.1 pg/ml (coefficient of variation, CV = 6.8%). Between-
assay variability was determined by assaying a pool of plasma from ovariec-
tomized ewes, to which (20.0 pg/ml) had been added, in each assay 
(n = 7). The resulting concentration (± SEM, after subtraction of the 
plasma blank) was 21.6 ± 1.1 pg/ml (CV = 13.5%). 
Two milliliters of each uterine flushing of pregnant (P; Group 1) and 
nonpregnant (NP; Group 2) ewes were extracted, chromatographed and assayed 
for Egg by the same procedure used for plasma. Precision and accuracy 
were evaluated by adding 10.0, 25.0, 50.0 and 100.0 pg of E^g to a uterine 
flushing pool on a pg/ml basis. Each standard flushing was assayed 
four times and the Egg concentration of the flushing blank substracted. 
The resulting E^g concentrations (pg/ml ± SEM) were 11.5 ± 0.1, 25.2 + 
0.8, 49.0 ± 1.3 and 106.4 ± 2.4. Within-assay variability was determined 
by assaying replicates (n = 4) of a uterine flushing pool in one assay, 
and between-assay variability was determined by assaying the same flushing 
pool in each assay (n = 3). The resulting concentrations (± SEM) and 
CV for within- and between-assay variability were 10.2 ± 0.3 pg/ml (CV = 
5.8%) and 10.0 - 0.6 pg/ml (CV = 10.4%), respectively. The concentration 
of E20 in each flushing was adjusted from pg/ml of flushing to pg/uterine 
horn. 
The concentration of Pj^ in UA plasma of ewes was determined using 
a procedure previously reported and validated in this laboratory for 
porcine and bovine plasma (Magness and Ford, 1982; Ferrell et al., 1983). 
Sensitivity of the assay was defined as the amount of P^ standard that 
yielded 95% of the counts/min in the buffer control tubes and ranged 
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from 50 to 80 pg. The precision and accuracy of the procedure were 
evaluated by adding 0.50, 1.00, 2.50, 5.00 and 10.00 ng of P^to a pool 
of plasma from ovariectomized ewes on a ng/ml basis. Each standard 
plasma was assayed four times and the concentration of the plasma 
blank was subtracted. The resulting P^ concentrations (ng/ml ± SEM) 
were 0.67 ± 0.44,,1.30 ± 0.54, 3.10 ± 0.80, 6.27 ± 0.21 and 10.97 ± 
0.21. Within-assay variability was determined by assaying replicates 
(n = 4) of the plasma pool from ovariectomized ewes in one assay. The 
resulting concentration (± SEM) was 0.29 ± 0.01 ng/ml (CV = 7.0%). 
Between-assay variability was determined by assaying the same plasma 
pool, to which Pij (10.00 ng/ml) had been added, in each assay (n = 3). 
The resulting concentration (± SEM) and CV were 9.15 ± 0.25 ng/ml and 
3.9%. 
Statistical analysis 
Data for UBP, and UA and UV concentrations of steroid hormones 
for ewes during the estrous cycle and early pregnancy (Group 1) were 
analyzed by split-plot analysis of variance (Kirk, 1968). Differences 
between means were evaluated using orthogonal contrasts (Kirk, 1968). 
Content of E^g in uterine flushings of P (Group 1) and NP (Group 2) 
ewes was compared using a combined analysis of variance with conservative 
degrees of freedom (Cochran and Cox, 1957). All data are reported as 
the mean ± SEM. 
Results 
There was no effect of surgery on estrous cycle lengths of ewes 
in Group 1. Pre-surgical cycles averaged 16.2 ± 0.1 days, whereas 
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surgical and post-surgical estrous cycle lengths averaged 16.3 + 0.1 
days. 
During the estrous cycle of ewes in Group 1, BF (ml/min) was not 
different between uterine horns contralateral or ipsilateral to a CL-
bearing ovary, and did not differ across the days measured, averaging 
6.5 ±0.4 (Table 1). During the subsequent pregnancy, BP to uterine 
horns contralateral to a CL-bearing ovary on all days measured, and 
BF to uterine horns ipsilateral to a CL-bearing ovary on Day 9, was 
not different from BF to either uterine horn during the estrous cycle, 
averaging 6.8 ± 0.6. However, on Days 11, 13 and 15 of pregnancy, BF 
to uterine horns ipsilateral to CL-bearing ovaries averaged 13.3 ± 0.9 
and was elevated (P<0.01) by twofold compared with BF of ipsilateral 
uterine horns on Day 9 or BF of contralateral uterine horns on any of 
the days studied (Table 1). 
This elevation in BF to ipsilateral uterine horns on Days 11, 13 
and 15 was observed regardless of whether embryos were found ipsilateral 
or contralateral to CL-bearing ovaries. Four ewes on each of Days 13 
and 15 postmating had 2 CL, and in all cases an embryo was present in 
each uterine horn. For those ewes with both CL located on the same 
ovary (n = 6), BF was only elevated (P<0.01) for the ipsilateral and 
not the contralateral uterine horn (13.9 ± 1.2 vs. 5.8 ± 0.8). When 
1 CL was located on each ovary (2 ewes), BF was not different between 
uterine horns and averaged 8.5 ± 1.2. 
Concentrations of were similar in UA and UV plasma (Table 2) 
and were not different between uterine horns contralateral or ipsilateral 
Table 1. Blood flow (ml/min) for uterine horns contralateral or ipsilateral to a corpus luteum-
bearing ovary during the estrous cycle and early pregnancy of ewes^ 
Day postestrus Estrous cycle Early pregnancy 
or postmating^ Contralateral Ipsilateral Contralateral Ipsilateral 
9 6.9 ± 1.6(4)3/3 6.8 ± 1.0(6)* 6.4 ± 2.6(2)% 6.8 ± 1.3(6)* 
11 4.5 ± 0.5(5)* 7.5 ± 1.8(5)* 5.0 ± 0.4(3)* 14.6 ± 1.0(3)^ 
13 5.4 ± 2.1(3)^ 6,3 ± 1.0(7)^ 7.4 ± 0.6(4)^ 12.5 ± 1.4(6)^ 
15 5.6 ± 1.1(5)3 8.6 ± 0.9(5)3 7.5 ± 1.8(4)* 13.5 ± 1.5(6)^ 
^Means ± SEM. 
^First day of estrus or mating = Day 0. 
3 Numbers in parenthesis = no. uterine horns. 
a,b 
Means with different superscripts differ (P<0.01). 
Table 2. Concentrations (pg/ml) of estradiol-173 in uterine arterial and venous plasma during 
the estrous cycle and early pregnancy of ewes ^ 
Estrous cycle Early pregnancy , 
Days postestrus No. of Uterine Uterine No. of Uterine Uterine 
or postmating^ ewes artery vein ewes artery vein 
9 5 to
 
+ 0.4a 4.5 + 0.5a 3 5.2 + 0.5a 5.8 ± 1.2* 
11 5 7.6 ± 0.3b 
0
 
CO 
+ 0.3b 3 7.4 + 0.3b 6.9 ± 0.5b 
13 5 00
 
+ 0.6 = 9.4 + 0.6= 5 00
 
+ 0,5= 8.7 ± 0.4= 
15 5 9,1 ± 0.6 = 9.1 + 0.6= 5 8.9 + 0.5 = 
y£> CO 
± 0.5= 
%eans ± SEM. 
^First day of estrus or mating = Day 0. 
a,b,c 
Means with different superscripts differ (P<0.05). 
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to CL-bearing ovaries. In addition, the magnitudes and patterns of 
Egg in plasma were similar during the estrous cycle and early pregnancy 
(Table 2). Concentrations of Egg increased (P<0.01) from Day 9 to Day 
11, increased further (P<0.05) from Day 11 to Day 13, then remained 
constant to Day 15 postestrus or postmating. During the estrous cycle, 
concentrations of in UA plasma were similar on Days 9, 11 and 13, 
then declined (P<0.01) by Day 15 (Table 3). Concentrations of Pj^ in 
UA plasma on Days 9 and 11 of the subsequent pregnancy were not different 
from those observed on Days 9 and 11 of the estrous cycle. However, 
on Days 13 and 15 of pregnancy the levels of P^ in UA plasma were elevated 
(P<0.05) compared to Days 9 and 11, and were greater (P<0.01) than levels 
observed on Days 13 and 15 of the estrous cycle (Table 3). 
For the content of Egg in uterine flushings, there was no effect 
of day and no day x status (NP vs. P) interaction. Content of Egg in 
uterine flushings of P ewes did not differ between uterine horns, and 
was greater (P<0.05) than levels of Egg in flushings of NP ewes (35.2 ± 
2.1 vs. 16.7 ± 2.4 pg/uterine horn). 
Discussion 
In this study, blood flow to uterine horns ipsilateral to CL-bearing 
ovaries exhibited a twofold increase by Day 11 postmating, which is 
approximately 24 hr before maternal recognition of pregnancy (Moor and 
Rowson, 1966) and is similar to the twofold to threefold increase in 
uterine BP observed at the time of pregnancy recognition in sows (Ford 
and Christenson, 1979) and cows (Ford et al., 1979). Mapletoft et al. 
(1976) demonstrated that the luteotropic effect of the ovine conceptus 
Table 3. Concentrations (ng/ml) of progesterone in uterine arterial plasma 
during the estrous cycle and early pregnancy of ewes^ 
Estrous cycle Early pregnancy 
Day postestrus No. of Progesterone No. of Progesterone 
or postmating^ ewes concentration ewes concentration 
9 5 3.84 + 0.21% 3 4.63 + 0.22a 
11 5 3.53 + 0.29a 3 4.76 + 0.37a 
13 5 4.10 + 0.78a 5 6.06 ± 0.52b 
15 5 0.62 + 0.16° 5 5.09 ± 0.64^'^ 
^Means ± SEM. 
^First day of estrus or mating = Day 0. 
a,b,c 
Means with different superscripts differ (P<0.05). 
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was exerted through a local vascular pathway from the gravid uterus 
to the ovary. Thus, the increase in uterine BF at or just before maternal 
recognition of pregnancy may function to enhance transport of a conceptus-
induced luteotropin to the CL-bearing ovary. This concept is supported 
by the observation that levels in UA plasma were elevated in P compared 
to NP ewes by Day 13. A similar increase in systemic P^^ levels coincident 
with maternal recognition of pregnancy has been reported for sows (Magnese 
et al., 1983) and cows (Ford et al., 1979). 
The content of in the uterine lumen of P ewes was elevated 
by Day 9, which was before the increase in uterine BF was observed. 
Estrogens stimulate increased uterine BP in the sow, cow and ewe (see 
Ford, 1982 for review). Estrogens in the uterine lumen may, therefore, 
be responsible for the increased uterine BF observed during early 
pregnancy. Although no venous-arterial difference in Egg was observed in 
the present study, that does not eliminate the possibility that estrogens 
may be transported from the gravid uterus by another route. Magness 
and Ford (1982) reported that concentrations of estrone and E^g were 
greater in lymph draining uterine horns of pregnant gilts than in non­
pregnant gilts. In addition, estrogens may be leaving the gravid uterus 
in a form other than E^g. Willis et al. (1981) found that cultured 
ovine conceptuses were able to synthesize conjugated estrogens from 
C-19 and C-21 precursors as early as Day 14 postmating. The endometrium 
may be an additional source of estrogens since these authors also 
demonstrated greater estrogen synthesis ^  vitro when ovine conceptuses 
were co-cultured with endometrium. 
77 
Blood flow to uterine horns of P ewes was only elevated ipsilateral 
to CL-bearing ovaries, regardless of location of the conceptus and even 
though Egg content was similar between uterine horns. Pope et al. (1982) 
observed greater concentrations of P^^ in uterine arterial tissue of 
cows on the side ipsilateral to the CL-bearing ovary compared with the 
contralateral side. In addition, exposure to Pi^ has been shown to augment 
the contractility of vascular smooth muscle (Kalsner, 1969; Ford et al., 
1977c). Ford et al. (1976) observed that uterine arterial segments 
removed ipsilateral to the CL-bearing ovary of nonpregnant ewes or cows 
exhibited greater vasoconstriction to sympathetic nerve stimulation 
than arteries from the contralateral side, even though BF was similar 
for uterine horns ipsilateral or contralateral to the CL-bearing ovary 
of nonpregnant ewes (present study) or cows (Ford et al., 1979). During 
early pregnancy, the vasoconstrictor response to nerve stimulation was 
reduced only for uterine arteries ipsilateral to a CL-bearing ovary 
(Ford et al., 1976). In addition, these researchers observed that 
intraluminal perfusion of a conceptus brei was able to reduce vasocon­
strictor activity only for ipsilatera.. uterine arteries. Thus, only 
uterine arteries that had been exposed to elevated local concentrations 
of P^, and therefore had a high level of sympathetic tone, 
were able to respond to the conceptus-induced vasodilatory factor (s). 
The increase in BF to uterine horns ipsilateral to the CL-bearing ovary of 
P ewes in this study is similar to the increase in uterine BF previously 
observed for sows (Ford and Christenson, 1979) and cows (Ford et al., 
1979) during maternal recognition of pregnancy. As discussed previously. 
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this local increase in uterine BF may function to transport a luteotropic 
substance from the gravid uterus to CL-bearing ovaries and thus ensure 
the maintenance of luteal function. 
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EXPERIMENT IV. EFFECTS OF INTRAUTERINE INFUSION 
OF ESTRADIOL-173 AND PROSTAGLANDIN E^ ON 
LUTEAL FUNCTION IN NONPREGNANT HEIFERS 
Introduction 
The embryonic "signal" that results in the maintenance of luteal 
function occurs on about Day 16 postmating in the cow (Northey and French, 
1980) and Day 12 postmating in the ewe (Moor and Rowson, 1966) and sow 
(Dhindsa and Dziuk, 1968; Ford et al., 1982a). However, the identity 
of the molecule(s) that comprises this embryonic signal remains unknown. 
The bovine conceptus is capable of synthesizing estradiol-17B (E^S) 
in vitro by Day 13 postmating (Shemesh et al., 1979; Chenault, 1980), 
while porcine conceptuses can produce estrone and Egg by Day 12 (Perry 
et al., 1976). In addition, estrogens are elevated in uterine flushings 
and venous blood of cows (Ford et al., 1981) and sows (Ford et al., 
1982a) at the time of maternal recognition of pregnancy for each species. 
Intrauterine infusion of near physiological concentrations of E^g results 
in an extension of the functional lifespan of corpora lutea (CL) in 
the sow (Ford et al., 1982b). Prostaglandin (PG) E^ is produced by 
cultured bovine blastocysts as early as Day 13 postmating (Shemesh et 
al., 1979; Lewis et al., 1982), and by ovine blastocysts by Day 14 (Lacroix 
and Kann, 1982; Hyland et al., 1982). Uterine luminal and venous concen­
trations of PGEg have been shown to be elevated on Day 15 in pregnant 
ewes (Ellinwood, et al., 1979). In addition, infusion of PGEg into 
the uterus of nonpregnant ewes prolongs the functional lifespan of the 
CL (Magness et al., 1981). 
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The purpose of this experiment was to determine the effects of 
intrauterine infusion of PGE^ or both hormones on the function 
of CL in nonpregnant heifers. 
Materials and Methods 
Experimental procedures 
Sixteen nonpregnant Angus or Hereford x Angus heifers exhibiting 
estrous cycles of normal duration (18-23 days) and of similar age and 
weight (1^-2 yrs; 320-360 kg) were used. Heifers were checked for 
estrus activity twice daily throughout the experiment (0730 hr and 1630 hr) 
using a vasectomized bull, and were trained to stanchions at least 1 month 
before surgery to adjust them to handling and confinement. Feed and 
water were removed from heifers 24 hr before surgery, which was performed 
on Day 9, 10 or 11 postestrus (day of estrus = Day 0). Induction and 
maintenance of general anesthesia were as described by Ford et al. (1979). 
The uterus and ovaries were exposed through a midventral incision, and 
the size and location of ovarian structures were recorded. A catheter 
was inserted into the lumen of the uterine horn ipsilateral to the corpus 
luteum-bearing ovary, through a small incision at the tip of the horn. 
The intrauterine catheter was similar to one previously used in this 
laboratory (Ford et al., 1982b). The catheter had a 15-cm silastic 
tubing tip (O.D. = 1.65 mm) that was sealed at the end and perforated 
at 3-cm intervals to ensure delivery of hormones to the entire uterine 
horn (simulating hormone delivery by an elongated blastocyst). The 
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catheter was exteriorized through a small flank incision and maintained 
in a cloth pouch glued to the flank area. 
After surgery, heifers were assigned randomly, in equal numbers, to 
receive intrauterine infusions of vehicle (VEH) consisting of 2.0% 
ethanol in sterile 0.9% saline plus 1.0% combiotic (Pfizer, Inc., New 
York, NY; v/v), Egg (150.0 ng), PGEg (250.0 yg) or E^g + PGEg every 
6 hr from 1200 hr on Day 13 to 0600 hr on the day of subsequent estrus 
if it occurred before Day 21 or 0600 hr on Day 21. Each intrauterine 
infusion consisted of 0.8 ml VEH or hormone solution, followed by a 
0.8-ml VEH flush (volume of catheter = 0.8 ml). A stock solution of 
PGEg in ethanol was stored at -20"C, and solutions for intrauterine 
infusion were prepared daily (0600 hr) in a sterile vial. The daily 
doses of hormones were derived by multiplying the maximal venous-arterial 
difference in Egg (Ford et al., 1981) across a gravid uterine horn times 
daily uterine arterial blood flow (Ford et al., 1979), for cows on Days 
14-18 of pregnancy. The daily dose of PGEg was chosen to be one-tenth 
the effective dose for consistently maintaining luteal function in beef 
cows (J. R. Chenault, Upjohn Co., personal communication). 
For each heifer, a sample of jugular blood was obtained by veni­
puncture once daily from Day 13 to Day 21 postestrus. Plasma was 
obtained and stored at -20"C until assayed for progesterone (P^^. All 
heifers receiving PGEg treatment plus 1 animal from the remaining 2 treat­
ment groups (VEH and Egg) were sacrificed on Day 21 (0800 hr - 1000 hr), 
and the uterus and ovaries were obtained. To minimize expense, the 
remaining 6 heifers were ovariectomized by midventral laparotomy between 
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0800 hr and 1000 hr on Day 21. Placement of intrauterine catheters was 
verified at sacrifice or laparotomy. 
Radioimmunoassay for was identical to that previously reported 
and validated for cow plasma in this laboratory (Ferrell et al., 1983). 
Two hundred yl of plasma were extracted in triplicate using benzene :hexane 
(l:2;v/v) with one of the replicates receiving 12,000-15,000 dpm of 1,2,6, 
7-[^H] (N)-P4 (97.0 ci/mmole, New England Nuclear Corp., Boston, MA) to 
serve as the individual recovery for that set of duplicates. Recovery 
of ^H-P^ averaged 86.5 ± 0.3% (SEM) and all values were corrected for 
procedural losses. Plasma extracts were assayed for P,^ using a fully 
characterized antibody (GDN-337; Niswender, 1973). Sensitivity of the 
assay was defined as the amount of P^ standard that yielded 95% of the 
counts/min in the buffer control tubes and ranged from 50 to 80 pg. With 
this method, mean blank value for plasma from an ovariectomized cow was 
0.21 ± 0.02 ng/ml (SEM, n = 10). The precision and accuracy of the 
procedure were evaluated by adding 0.10 (n = 4), 0.25 (n = 4), 1.00 (n = 
4), 2.50 (n = 4), 5.00 (n = 4), and 10.00 (n = 4) ng P^ to plasma from 
the same ovariectomized cow on a ng/ml basis. These standard plasmas 
were assayed, êuid the P^ concentration of the plasma blank was subtracted. 
The resulting Pi^ concentrations (± SEM) were 0.15 ± 0.01, 0.30 ± 0.01, 
1.17 ± 0.03, 2.55 ± 0.09, 4.87 ± 0.17, and 10.81 ± 0.52 ng/ml, respective­
ly. Within-assay variability was determined from replicates (n = 10) of a 
plasma pool from luteal-phase cows. The resulting concentration (± SEM) 
was 13.97 ± 0.21 ng/ml, and coefficient of variation (CV) was 4.9%. 
All plasma samples were assayed in a single assay. 
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Corpora lutea were homogenized in 5.0 ml 0.9% saline using a Polytron 
(Brinkmann Instruments, Inc., Westbury, NY), and the resulting homogenate 
was diluted with saline to a final volume of 15.0 ml. Aliquots of these 
homogenates were diluted 1:4 and 1:400 (v/v) with sterile bottled HgO 
(Eli Lilly and Co., Indianapolis, IN), and 50-yl aliquots of these diluted 
homogenates were extracted and assayed as described for plasma. Mean 
recovery (± SEM) of was 87.9 ± 0.3%, and all values were corrected 
for procedural losses. The mean blank value for a homogenate of a corpus 
albicans from a cow on Day 4 postestrus was 0.79 ± 0.04 ng/ml (SEM, 
n = 8). The precision and accuracy were evaluated by adding 1.00 (n = 6), 
5.00 (n = 6), 10.00 (n = 6), and 20.00 (n = 6) ng to the same luteal 
homogenate on a ng/ml basis. Homogenate plus standards were assayed, 
and the resulting P,^ concentrations (after subtaction of the homogenate 
blank) were 0.97 ± 0.08, 6.17 ± 0.10, 12.27 ± 0.21 and 22.78 ± 0.27 ng/ml, 
respectively. Within-assay variability was determined from replicates 
(n = 8) of a luteal homogenate from a luteal-phase cow. The resulting 
concentration (± SEM) was 12.92 ± 0.23 ng/ml (CV = 5.1%). All CL were 
assayed in a single assay. The concentration of P^ in each sample was 
adjusted from ng/ml of homogenate to yg/CL and yg/g of luteal tissue. 
Statistical analysis 
Changes in jugular venous P^ concentrations were analyzed by split-
plot analysis of variance for repeated measures (Kirk, 1968). Content 
and concentration of P^^ in CL, as well as diameters and weights of CL 
on Day 21 postestrus were analyzed by factorial analysis of variance. 
Differences between means were evaluated using orthogonal contrasts (Kirk, 
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1968). Differences between treatment groups in the proportion of heifers 
exhibiting estrus by Day 21 were analyzed by a Chi-Square test, and 
the lengths of the pretreatment and treatment cycles were compared using 
a paired t-test (Steel and Torrie, 1960). All data are reported as 
the mean ± SEM. 
Results 
All intrauterine catheters were still in place on Day 21 postestrus. 
For heifers from which uteri were obtained, no infection or inflammation 
of the endometrium was apparent by gross observation, and the treated 
and nontreated horns were similar in appearance. 
For the VEH-, E2$- and PGEg-treated heifers, 3 of 4, 3 of 4 and 
4 of 4 were observed in standing estrus by Day 21, respectively. For 
heifers exhibiting estrus, there was no difference (P>0.10) between 
the lengths of the pretreatment and treatment cycles (20.3 ± 0.4 vs. 19.2 ± 
0.4 days). The proportion of heifers in the Egg + PGBg group that 
exhibited estrus by Day 21 (0 of 4) was less (P<0.03) than for the other 
3 treatment groups. 
All heifers used in this study had a single CL at surgery on Days 9, 
10 or 11 postestrus, which averaged 24.2 ± 1.0 mm in diameter. Diameters 
and weights of CL of Egg + PGEg-treated heifers were greater (P<0.01) 
than for the other 3 groups on Day 21 (Table 1). Seven of 12 heifers 
in the VEH, Egg and PGE^ groups had corpora hemorrhagica (CH) present 
on Day 21. The remaining 5 heifers had a large (15.2 ± 1.0 mm) 
Table 1. Characteristics of corpora lutea on Day 21 
Treatment No. of Progesterone Progesterone 
group heifers Diaumeter (mm) Weight (g) content (Pg/CL) concentration 
(pg/g tissue) 
VEH 4 13.0 + 1.2® 1.1 + 0.4® 2.22 ± 2.06® 1.12 ± 0.94® 
E2B 4 15.8 + 1.3® 1.6 ± 0.3® 4.61 ± 2.06® 2.92 + 1.60® 
PGE^ 4 13.0 + 1.1® 0.8 + 0
 
H
 
0.82 ± 0.32® 0.93 ± 0.25® 
E20+ 4 21.2 + 1.3B 3.4 ± 0.4B 64.60 ± 33.58^ 19.52 ± 10.83^ 
PGE2 
^'^eans (± SEM) within a column with different superscripts differ (P<0.01 for CL diameter, 
weight and progesterone content; P<0.05 for CL progesterone concentration). 
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preovulatory follicle. None of the + PGE^-treated heifers had 
CH, and their largest follicle averaged 10.2 ±0.8 mm. 
Luteal concentration and content of were greater for CL of 
heifers in the E^B + PGEg group than for CL of heifers in the other 
3 groups (Table 1). The concentrations of P[^ (ng/ml) in jugular venous 
plasma were similar (P>0.10) for all treatment groups from Days 13-15 
postestrus (Fig. 1). From Days 16-18, plasma P^ concentrations for 
VEH- and PGEg-treated heifers declined to basal levels and were less 
(P<0.01) than for the Eg3 or Egg + PGEg groups, which were similar. 
Jugular P^ concentrations of Egg-treated heifers decreased on Days 19 
and 20 to levels similar to those observed for the VEH and PGE^ groups 
and were less (P<0.01) than for E2S+ PGEg-treated heifers. Although 
systemic P^ concentrations of E^g + PGEg-treated heifers had declined 
by Day 21, they remained elevated (P<0.05) when compared with the other 
3 groups (3.12 ± 1.57 vs. 0.58 ± 0.12; Fig. 1). 
Discussion 
Data from this experiment clearly demonstrate a synergism between 
Egg and PGEg in maintaining luteal function in heifers. Progesterone 
in systemic blood of VEH- and PGEg-treated heifers began to decrease 
3-4 days before estrus, which is similar to previous reports for cycling 
cows (Henricks et al., 1971; Ford et al., 1979). Intrauterine infusion 
of Egg in the present study was able to extend luteal P^ secretion 
for 3 days even though the occurrence of estrus for E^g-treated heifers 
was similar to that of VEH-treated heifers. When both Egg and PGEg 
Figure 1. Concentrations of progesterone (ng/ml) in jugular venous 
blood of heifers receiving intrauterine infusions of 
vehicle (VEH), estradiol-173 (E^G), prostaglandin Eg 
(PGEg) or EgS + PGEg from Day 13 to Day 21 postestrus 
(n = 4 per group; means ± SEM) 
Progesterone Concentration (ng/ml) 
1 ! 1 
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were infused, luteal weights and levels on Day 21 were similar to 
values reported previously for cows during the luteal phase of the 
estrous cycle and pregnancy (Erb and Stormshak, 1961; Bowerman and 
Melampy, 1962) . In addition, jugular venous concentrations in Egg 
+ PGEg-treated heifers were maintained for an additional 5-6 days compared 
with VEH-treated heifers, averaging 3.12 ng/ml on Day 21 postestrus. 
Northey and French (1980) observed a similar maintenance of systemic 
P^ levels when bovine conceptuses were flushed from the uterus on Days 
17-19 postmating or when conceptus homogenates were infused into the 
uterus of nonpregnant cows from Days 14-18 postestrus. Thus, intrauterine 
infusion of E^g plus PGEg, both of which are produced by the bovine 
conceptus and secreted from the gravid uterus, was able to successfully 
extend luteal function in the absence of the conceptus. 
The mechanism of action of E2S and PGE2 in maintaining luteal 
function remains unknown. Del Campo et al. (1980) demonstrated 
that the luteotropic effect of the bovine conceptus was exerted 
through a local vascular pathway. A local increase in blood flow to 
gravid uterine horns occurs coincident with maternal recognition of 
pregnancy in the sow (Ford and Christenson, 1979), ewe (Reynolds et 
al., 1982) and cow (Ford et al., 1979). Estrogen administration has 
been shown to increase uterine blood flow (UBF) of sows (Dickson et 
al., 1969), ewes (Killam et al., 1973) and cows (Roman-Ponce et al., 
1978). Elevated UBF is associated with an increase in the amount of 
lymph draining the uterine horn (Fabiem, 1981). The concentrations 
of steroid hormones in uterine lymph have been shown to reflect 
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concentrations in the uterine lumen and uterine venous blood (Magness 
and Ford, 1982; Ford et al., 1982a). Kotwica (1980) suggested that 
uterine lymphatics may be involved in the transport of prostaglandins 
from the uterine horn to the adjacent ovary. This agrees with the 
observation that the concentration of PGE2 in ovarian arterial tissue 
of ewes was elevated on Day 14 of pregnancy compared with the same day 
of the estrous cycle (Lewis et al., 1978). Thus estrogens, produced by 
the conceptuses, may stimulate increased UBF, which could be important 
for the transport of substcinces such as prostaglandins from the lumen 
of the gravid uterus to the ovary. 
Administration of estrogen also stimulates increased ovarian blood 
flow (OBF) in ewes (Rosenfeld et al., 1976; Rosenfeld, 1980). Infusion of 
estrogen into an isolated uterine horn of nonpregnant sows preferentially 
stimulates secretion from the ipsilateral ovary (Ford et al., 1982b), 
and intrauterine infusion of Egg in the present study extended systemic 
Pj^ levels for 3 days. Estrogens of embryonic origin may, therefore, 
enhcince luteal function indirectly by causing increased blood flow to the 
ovary, with a subsequent increase in P^ secretion. In support of this 
hypothesis, a transient increase in OBF and P^ secretion has been observed 
at the time of maternal recognition of pregnancy in sows (Magness et al., 
1983) and cows (Ford et al., 1979; Ford and Chenault, 1981), A direct 
effect of estrogens on luteal function is unlikely because Egg has been 
shown to inhibit LH-induced P^ secretion by cultured bovine luteal cells 
(Williams and Marsh, 1978; Ursely and Leymarie, 1979). 
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Prostaglandin Eg directly stimulates secretion and cyclic AMP 
production of bovine luteal cells vitro* in a manner similar to 
that of luteinizing hormone (LH) (Speroff and Ramwell, 1970; Marsh, 
1971). In addition, PGE^ has been shown to block PGFgo-induced luteolysis 
when both prostaglandins were infused simultaneously into the ovarian 
artery (Henderson et al., 1977) or ovarian vascular pedicle (Reynolds 
et al., 1981) of nonpregnant ewes. This may be a direct luteotropic 
effect on the CL because PGFgOt has been shown to inhibit LH-induced, 
but not PGEg-induced, accumulation of cyclic AMP by cultured luteal 
cells (Khan et al., 1979). In addition, PGE^ was able to inhibit PGF^a 
-induced loss of luteal LH receptors in nonpregnant ewes (Reynolds 
et al., 1981). 
Although the present study indicates that both E^g and PGE^ are 
necessary for the maintenance of luteal function during early pregnancy 
in cows, the role of each hormone remains unknown. As suggested, E^g 
may stimulate an increase in lymph and venous blood draining the gravid 
uterus and thus enhance the transport of substances such as PGEg from 
the uterine lumen to the ovary. Prostaglandin E^ may then have a direct 
effect on the luteal cells to maintain P^ secretion. 
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GENERAL DISCUSSION 
Previous studies have demonstrated a transient increase in uterine 
blood flow (UBF) coincident with maternal recognition of pregnancy in cows 
(Ford et al., 1979) and sows (Ford and Christenson, 1979). Results of 
experiment III confirm the observation of Greiss and Anderson (1970b) 
that a similar increase in UBF occurs at or just before pregnancy recog­
nition in the ewe. This increase in UBF occurs before the secondary 
rise in UBF that is associated with implantation (Greiss and Anderson, 
1970b; Ford et al., 1979; Ford and Christenson, 1979). In addition, 
the early, transient increase in UBF occurs concomitant with a transient 
increase in ovarian blood flow (OBF) in cows (Ford and Chenault, 1981) 
and sows (Magness et al., 1983). 
It has been demonstrated that the maintenance of luteal function 
during early pregnancy in the ewe (Mapletoft et al., 1976) and cow 
(Del Campo et al., 1980) occurs by local vascular transport of a luteotropic 
substance from the gravid uterus to the ovaries. A similar mechanism 
of transport may exist in sows because intrauterine infusion of estradiol-
17g (Egg), which is luteotropic in the sow (Gardner et al., 1963), extends 
luteal progesterone (P^) secretion in nonpregnant sows (Ford et al., 1982b). 
Thus, increased UBF and OBF may function to enhance transport of a 
conceptus-induced luteotropin from the gravid uterus to the luteal-bearing 
ovary. This proposal is supported by the observation that systemic P^ 
levels were elevated coincident with pregnancy recognition and increased 
UBF in ewes (experiment III), cows (Ford et al., 1979) and sows (Ford 
et al., 1982a; Magness et al., 1983). 
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As discussed earlier, a primary cause of natural and prostaglandin-
F^a (PGP^a)-induced luteolysis may be a reduction in blood flow to the 
corpora lutea (CL; Niswender et al., 1976; Nett and Niswender, 1981). 
Ford et al. (1982c) found that the increase in OBF during early pregnancy 
in sows resulted from increased blood flow to the CL, and not to the 
rest of the ovary. In addition, luteal secretion is highly correlated 
with OBF in ewes, cows and sows (Niswender et al., 1975; Ford and Chenault, 
1981; Magness et al., 1983). Ovarian vasodilation coincident with maternal 
recognition of pregnancy may, therefore, inhibit luteolysis by maintaining 
luteal blood flow, and thereby maintaining luteal secretion. 
The vasoconstrictor response of the ovine uterus to norepinephrine 
(NE) is reduced during mid to late pregnancy compared with that observed 
during the estrous cycle (Ladner et al., 1970; Greiss, 1972). This 
reduction is primarily due to a diminished effect of NE on the caruncular 
(maternal placental) vascular bed, and not to a reduced effect on the 
endometrial or myometrial vascular beds (Anderson et al., 1977; Rosenfeld 
and West, 1977). The transient increase in UBF during early pregnancy, 
however, occurs before implantation and development of the placenta, 
and therefore must result from dilation of nonplacental vascular beds. 
Uterine arterial contractility was reduced at the time of maternal 
recognition of pregnancy in ewes and cows (Ford et al., 1976) as well 
as sows (experiment I). However, the levels of uterine arterial NE 
and «-adrenergic receptors, and the estrogen to progesterone ratio (EiP^) 
in systemic blood were similar to those observed during the luteal phase 
of the estrous cycle (experiment I). In experiment II, the response of 
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the ovarian vascular bed to KCl ta nonspecific vasoconstrictor) was 
reduced on Day 13 of pregnancy compared with the same day of the estrous 
cycle, even though the E:P^ ratios in systemic blood were similar. 
It is therefore suggested that the levels of NE and the activity of 
a-adrenergic receptors in the uterine and ovariem vascular beds are 
maintained during early pregnancy, and that the conceptus induces vaso­
dilation by a nonspecific effect on the uterine and ovarian vascular 
smooth muscle. This proposal would explain the reduced contractility 
of uterine arteries to plus nerve stimulation during maternal 
recognition of pregnancy in ewes and cows (Ford et al., 1976), and would 
allow for the uterine arteries to rapidly regain their sympathetic tone 
once the conceptus-induced vasodilatory factor was withdrawn. A similar 
situation may occur for UBF during late gestation and parturition. 
Uterine blood flow does not decrease until delivery of the fetus and 
placenta in cows (Ford et al., 1982d) and sows (Ford and Reynolds, 1983b). 
The high levels of UBF during late pregnancy may partially be due to 
a nonspecific effect of a vasodilatory factor, produced by the conceptus, 
on the uterine vascular bed, rather than a direct effect on the periarterial 
sympathetic vasoconstrictor nerves. This would enable the vasoconstrictor 
ability of the uterine vascular bed to be regained rapidly once the 
fetus and placenta were delivered, thereby allowing for the rapid decrease 
in UBF. 
The identity of the conceptus-associated factor(s), which induce 
uterine and ovarian vasodilation during maternal recognition of pregnancy, 
have not been elucidated. However, several lines of evidence suggest a role 
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for E^g and prostaglandin Eg CPGE^) in these events. Estradiol-17g 
is a potent dilator of the uterine vascular bed in ewes (Killam et al., 
1973), cows (Roman-Ponce et al., 1978) and sows (Van Orden et al., 1983b), 
and stimulates increased OBF in pregnant and nonpregnant ewes (Rosenfeld 
et al. , 1976; Rosenfeld, 1980). Synthesis of E^g from labelled precursors 
has been demonstrated for porcine conceptuses by Day 12 and bovine 
conceptuses by Day 13 postmating (Perry et al., 1976; Shemesh et al., 
1979; Chenault, 1980). In addition, is elevated in uterine venous 
blood of cows and sows (Ford et al., 1981) coincident with pregnancy 
recognition in each species. Synthesis of Eg3 could not be demonstrated 
for ovine conceptuses during early pregnancy (Gadsby et al., 1980), 
and Egg was not elevated in uterine venous blood of pregnant ewes in 
experiment III. The content of Egg, however, was elevated in uterine 
flushings of ewes at the time of maternal recognition of pregnancy 
(experiment III), which confirms previous observations in cows and sows 
(Ford et al., 1981). Willis et al. (1901) presented evidence for an 
interaction between the ovine conceptus and endometrium in synthesizing 
estrogens by Day 14 postmating. In contrast, the conceptus appears 
to be the primary source of estrogens during early pregnancy in cows 
(Eley et al., 1983) and sows (Gadsby et al., 1980), with little or no 
synthesis of estrogens by the endometrium. Thus, the ovine conceptus 
may induce estrogen synthesis by endometrial tissue, whereas bovine 
and porcine conceptuses are capable of estrogen synthesis. Magness 
and Ford (1982) suggested that exposure of uterine periarterial sympathetic 
nerves to estrogens may be enhanced by the elevated estrogen levels 
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they observed in uterine lymph of sows on Days 11 to 15 postmating. 
In addition, lymph may serve as a meeins for transport of estrogens 
from the gravid uterus to the ovaries, where they may then induce 
an increase in OBF. This proposal is supported by the observation 
that the transient increase in UBP of sows was observed on Day 11 
postmating, whereas oviductal and luteal blood flow did not increase 
until 24-48 hr later (Ford et al., 1982c). Infusion of Egg,in 
amounts normally secreted from the gravid uterus during maternal 
recognition of pregnancy, into an isolated uterine horn of nonpregnant 
sows (Ford et al., 1982b), or into the uterus of nonpregnant heifers 
(experiment IV) maintained luteal function for several days. 
However, Egg had no effect on secretion by porcine CL ^  vitro 
(Watson and Maule-Walker, 1978), and inhibited LH-induced Pi^ secretion 
by cultured bovine luteal cells (Williams and Marsh, 1978; Ursely 
and Leymarie, 1979). Thus, a direct effect of Egg in stimulating 
luteal Pij production is unlikely, which serves to emphasize its 
probable role as a uterine and ovarian vasodilator produced by 
the early conceptus and (or) gravid uttrus in ewes, cows and sows. 
As discussed in experiment I, uterine arteries from sows are capable 
of producing 2-hydroxyestrone from E^ (Van Orden et al., 1983a), 
éind 2-hydroxyestrone is an effective competitor for a-adrenergic 
receptors. It is conceivable that Egg, secreted from the gravid 
uterus, is converted to a 2-hydroxy derivative which then competes 
with NE for uterine and ovarian arterial a-adrenergic receptors. 
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Administration of PGE2 has been shown to stimulate increased 
UBF in ewes (Resnik and Brink, 1978) and cows (W. W. Thatcher, 
Univ. of Florida, unpublished observation). However, PGEg is much 
less potent than E23 in causing uterine vasodilation (Resnik and 
Brink, 1978). Conceptus and endometrial tissues produce PGEg 
in vitro by Day 14 postmating in ewes (Lacroix and Kann, 1982; 
Hyland et al., 1982) and Day 13 postmating in cows (Shemesh et 
al., 1979; Lewis et al., 1982). In addition, PGEg is elevated 
in uterine flushings of cows (Lewis et al., 1982) and sows (Geisert 
et al., 1982), and uterine flushings and venous blood of ewes 
(Ellinwood et al., 1979) coincident with pregnancy recognition 
in each species. Intrauterine infusion of large quantities of 
PGEg extends the functional lifespan of the CL in nonpregnant ewes 
(Magness et al., 1981) and cows (J. R. Chenault, Upjohn Co., unpublished 
observation). The antiluteolytic effect of PGEg may result from 
its ability to directly stimulate 'P^^ secretion by luteal cells 
(Speroff and Ramwell, 1970). In support of this proposal, PGEg 
has been shown to inhibit PGFga-induced luteolysis when both prosta­
glandins were infused simultaneously into the ovarian artery (Henderson 
et al., 1977) or ovarian vascular pedicle (Reynolds et al., 1981) 
of nonpregnant ewes. Thus PGEg, derived from the early gravid 
uterus and conceptus, may have a direct effect to stimulate Pj^  
secretion by the CL. Infusion of a low dose of PGEg into the uterus 
of sows (Schneider et al., 1982) or cows (experiment IV) had no 
effect on luteal P^ secretion. However, when intrauterine infusion 
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of PGEg was combined with in experiment IV, the extension of 
luteal Pi^ secretion was greater than that observed for alone. 
Thus, uterine and ovarian vasodilation, possibly caused by estrogens 
of conceptus origin, may be necessary for transport of PGE2 from 
the gravid uterus to the CL-bearing ovary. Prostaglandin Eg may 
then have a direct effect to stimulate luteal secretion. This 
does not eliminate a role for PGE^ in stimulating UBF and OBP. 
Kadowitz et al. (1971) observed a vasodilatory effect of PGEg on 
the uterine vascular bed, independent of its effect on NE release 
from perivascular sympathetic nerves. This is similar to the nonspecific 
effect of the conceptus on uterine and ovarian vascular smooth muscle 
suggested by experiments I and II, and suggests the possibility 
that PGEg may be partially responsible for the transient increases 
in UBF and OBF at the time of maternal recognition of pregnancy 
in ewes, cows, and sows. 
99 
LITERATURE CITED 
Amoroso, E. C. 1952. Placentation. Pp. 127-311 dm A. S. Parkes, ed. 
Marshall's Physiology of Reproduction. 3rd ed. Vol. II. Longmans, 
Green and Co., London. 
Andersen, D. H. 1926. Lymphatic and blood vessels of the ovary of 
the sow. Contrib. Embryol. 88:107-123. 
Anderson, J. N., Peck, E. J., Jr., and Clark, J. H. 1975. Estrogen-
induced uterine responses and growth; Relationship to receptor 
estrogen binding by uterine nuclei. Endocrinology 96:160-167. 
Anderson, S. G., and Hackshaw, B. T. 1974. The effect of estrogen 
on uterine blood flow and its distribution in nonpregnant ewes. 
Am. J. Obstet. Gynecol. 119:589-595. 
Anderson, S. G., Still, J. G., and Greiss, F. C., Jr. 1977. 
Differential reactivity of the gravid uterine vasculatures: 
Effects of norepinephrine. Am. J. Obstet. Gynecol. 129:293-298. 
Bacsich, P., and Wyburn, G. 1940. Hormonal,analysis of the cyclic 
variations in the vascular architecture of the uterus of the guinea 
pig. Trans. Soc. Edinburgh 60 (Part II) :465-473. 
Baird, D. T. 1974. Prostaglandin F^a and ovarian blood flow in sheep. 
J. Endocrinol. 62:413-414. 
Ball, G. D., and Day, B. N. 1982. Bilateral luteal maintenance in 
unilaterally pregnant pigs with infusions of embryonic extracts. 
J. Anim. Sci. 54:142-149. 
Ball, P., and Knuppen, R. 1980. Catecholestrogens (2- and 4-hydroxy-
estrogens): Chemistry, biogenesis, metabolism, occurrence and 
physiological significance. Acta Endocrinol. 93 (Suppl. 232);1-128. 
Barton, M. D., Killam, A. P., and Meschia, G. 1974. Response of ovine 
uterine blood flow to epinephrine and norepinephrine. Proc. Soc. 
Exp. Biol. Med. 145:996-1003. 
Bayliss, W. M. 1923. The Vasomotor System. Longmans, Green and Co., 
London. 
Bengtsson, B. 1978. Estrogen induced inhibition of ^H-noradrenaline 
release in the uterus and portal vein of the rat. Acta Physiol. 
Scand. 104:287-298. 
100 
Berthelsen, S., and Pettinger, W. A. 1977. A functional basis for 
classification of «-adrenergic receptors. Life Sci. 21:595-606. 
Bevan, J. A. 1979 Some bases of differences in vascular response 
to sympathetic activity. Variations on a theme. Circ. Res. 
45:161-171. 
Bevan, J. A., and Ljung, B. 1974. Longitudinal propogation of myogenic 
activity in rabbit arteries and in the rat portal vein. Acta Physiol. 
Scand. 90:703-715. 
Bevan, J. A., Bevan, R. D., and Duckies, S. P. 1980. Adrenergic 
regulation of vascular smooth muscle. Pp. 515-556 D. F. Bohr, 
A. P. Somlyo and H. V. Sparks, Jr., eds. Handbook of Physiology. 
Section 2: The Cardiovascular System. Vol. II. Vascular Smooth 
Muscle. Waverly Press, Baltimore, MD. 
Bobik, A. 1982. Identification of alpha adrenoceptor subtypes in 
dog arteries by (^H) yohimbine and (^H) prazosin. Life Sci. 
30:219-228. 
Bowerman, A. M. , and Melampy, R. M. 1962. Progesterone and A'* 
pregnen-203-ol-3-one in bovine reproductive organs and body fluids. 
Proc. Soc. Exp. Biol. Med. 109:45-48. 
Brown, B. W., Emery, M. J., and Mattner, P. E. 1980. Ovarian arterial 
blood velocity measured with Doppler ultrasonic transducers in 
conscious ewes. J. Reprod. Fertil. 58:295-300. 
Bruce, N. W., and Moor, R. M. 1976. Capillary blood flow to ovarian 
follicles, stroma and corpora lutea of anaesthetized sheep. J. 
Reprod. Fertil. 46:299-304. 
Caton, D., Abrams, R. M., Clapp, J. F., and Barron, D. H. 1974. The 
effect of exogenous progesterone on the rate of blood flow of the 
uterus of ovariectomized sheep. J. Exp. Physiol. 59:225-231. 
Chenault, J. R. 1980. Steroid metabolism by the early bovine 
conceptus-1. 53-reduction of neutral C-19 steroids. J. Steroid 
Biochem. 13:499-506. 
Cheng, V., and Prusoff, W. 1973. Relationship between the inhibition 
constant (Ki) and the concentration of inhibitor which causes 50 
percent inhibition (ICgg) of an enzymatic reaction. Biochem. 
Pharmacol. 22:3099-3108. 
101 
Clark, K. E., Van Orden, D. E., Meldrum, D. R., Brody, M. J., and 
Brinkman, C. R., III. 1976. Effect of the prostaglandin synthetase 
inhibitor meclofenamate on estrogen-induced increases in uterine 
blood flow in sheep. Soc. Gynecol. Invest. Proc. 23:25. (Abstr.) 
Clark, K. E., Parley, D. B., Van Orden, D. E., and Brody, M. J. 1977. 
Role of endogenous prostaglandins in regulation of uterine blood 
flow and adrenergic neurotransmission. Am. J. Obstet. Gynecol. 
127:455-461. 
Clark, K. E., Baker, H. A., Bhatnagar, R., Van Orden, D. E., and Brody, 
M. J. 1978. Prevention of estrogen-induced uterine hypermia by 
a-adrenergic receptor-blocking drugs. Endocrinology 102:903-909. 
Clark, K. E., Stys, S. J., Austin, J. E., and Goiter, M. 1980. 
Prostaglandins: mediators of estrogen-induced increases in uterine 
blood flow? Soc. Gynecol. Invest. Proc. 27:176. (Abstr.) 
Clewell, W. H., Stys, S., and Meschia, G. 1980. Stimulus summation 
and tachyphylaxis in estrogen response in sheep. Am. J. Obstet. 
Gynecol. 138:485-493. 
Cochran, W. G., and Cox, G. M. 1957. Experimental Designs. 2nd ed. 
John Wiley and Sons, New York. 
Cole, H. H., and Cupps, P. T., eds. 1977. Reproduction in Domestic 
Animals. Academic Press, New York. 
Colucci, W. S., Gimbrone, M. A., Jr., and Alexander, R. W. 1981. 
Regulation of the postsynaptic a-adrenergic receptor in rat mesenteric 
artery. Effects of chemical sympathectomy and epinephrine treatment. 
Circ. Res. 48:104-111. 
Crombie, P. R. 1970. Ultrastructure of the foetal-maternal attachment 
in the pig. J. Physiol. 210;101P. (Abstr.) 
Del Campo, M. R., Mapletoft, R. J., Rowe, R. F., Critser, J. K., and 
Ginther, O. J. 1980. Unilateral uteroovarian relationship in 
pregnant cattle and role of uterine vein. Theriogenology 14:185-193. 
Dhindsa, D. S., and Dziuk, P. J. 1968. Effect on pregnancy in the pig 
after killing embryos or fetuses in one uterine horn early in 
gestation. J. Anim. Sci. 27:122-126. 
Dickson, W. M., Bosc, M. J., and Locatelli, A. 1969. Effect of 
estrogen and progesterone on uterine blood flow in castrate sows. 
Am. J. Physiol. 217:1431-1434. 
102 
Dolozel, S., Gerova, M., Gero, J., and Feit, J. 1975. Diffusion through 
the vessel wall of transmitter released by sympathetic stimulation. 
Blood Vessels 12:108-121. 
Eley, R. M., Thatcher, W. W., Bazer, F. W., and Fields, M. J. 1983. 
Steroid metabolism by the bovine uterine endometrium and conceptus. 
Biol. Reprod. 28:804-816. 
Ellinwood, W. E., Nett, T. M., and Niswender, G. D. 1979. Maintenance 
of the corpus luteum of early pregnancy in the ewe: II. prostaglandin 
secretion by the endometrium in vitro and in vivo. Biol. Reprod. 
21:845-856. 
Erb, R. E., and Stormshak, F. 1961. Progestins in corpora lutea, 
ovaries and adrenals after estrus and breeding of normal and 
abnormal cows. J. Dairy Sci. 44:888-896. 
Fabian, G. 1981. The cyclical changes in the uterine lymphatics of 
the pig. Investigations on the perimetrium. Lymphology 14:17-23. 
Falck, B., Hillarp, N. A., Thieme, G., and Torp., A. 1962. Fluorescence 
of catecholamines and related compounds condensed with formaldehyde. 
J. Histochem. Cytochem. 10:348-354. 
Ferrell, C. L., Ford, S. P., Prior, R. L., and Christenson, R. K. 
1983. Blood flow, steroid secretion and nutrient uptake of the 
gravid bovine uterus and fetus. J. Anim. Sci. 56:656-667. 
Fleet, I. R., and Heap, R. B. 1982. Uterine blood flow, myometrial 
activity and their response to adenosine during the peri-implantation 
period in sheep. J. Reprod. Fertil. 65:195-205. 
Ford, S. P. 1978. Role of the early bovine conceptus and gravid 
uterus in altering uterine arterial contractility. J. Anim. Sci. 
47:538-543. 
Ford, S. P. 1982. Control of uterine and ovarian blood flow throughout 
the estrous cycle and pregnancy of the ewe, sow and cow. J. Anim. 
Sci. 55 (Suppl. II):32-42. 
Ford, S. P., and Chenault, J. R. 1981. Blood flow to the corpus luteum-
bearing ovary and ipsilateral uterine horn of cows during the oestrous 
cycle and early pregnancy. J. Reprod. Fertil. 62:555-562. 
Ford, S, P., and Christenson, R. K. 1979. Blood flow to uteri of 
sows during the estrous cycle and early pregnancy: local effect 
of the conceptus on the uterine blood supply. Biol. Reprod. 
21:617-624. 
103 
Ford, S. P., and Reynolds, L. P. 1983a. Role of adrenergic receptors 
in mediating estradiol-17B stimulated increases in uterine blood 
flow of cows. J. Anim. Sci. 57:In press. 
Ford, S. P., and Reynolds, L. P. 1983b. Uterine blood flow and 
steroid secretion during the periparturient period (PP) in sows. 
Fed. Proc. 42:614. (Abstr.) 
Ford, S. P., Weber, L. J., and Stormshak, F. 1976. In vitro response 
of ovine and bovine uterine arteries to prostaglandin Fg» and 
periarterial sympathetic nerve stimulation. Biol. Reprod. 15:58-65. 
Ford, S. P., Weber, L. J., Kennick, W. H., and Stormshak, F. 1977a. 
Response of bovine ovarian arterial smooth muscle to prostaglandin 
F20t and neurotransmitter. J. Anim. Sci. 45:1091-1095. 
Ford, S. P., Weber, L. J., and Stormshak, F. 1977b. Response of ovine 
uterine arteries to nerve stimulation after perfusions of 
prostaglandin F2a, norepinephrine or neurotransmitter antagonists. 
Endocrinology 101:659-665. 
Ford, S. P., Weber, L. J., and Stormshak, F. 1977c. Role of 
estradiol-17B and progesterone in regulating constriction of ovine 
uterine arteries. Biol. Reprod. 17:480-483. 
Ford, S. P., Chenault, J. R., and Echternkamp, S. E. 1979. Uterine 
blood flow of cows during the oestrous cycle and early pregnancy: 
effect of the conceptus on the uterine blood supply. J. Reprod. 
Fertil. 56:53-62. 
Ford, S. P., Chenault, J. R. , Christenson, R. K., Echternkamp, S. E., 
and Ford, J. J. 1981. Effects of preimplantation bovine and 
porcine conceptuses on blood flow and steroid content of the 
uterus. Pp. 436-438 ^  S. R. Glasser and D. W. Bullock, eds. 
Cellular and Molecular Aspects of Implantation. Plenum Press, 
Ney York. 
Ford, S. P., Christenson, R. K., and Ford, J. J. 1982a. Uterine blood 
flow and uterine arterial, venous and luminal concentrations of 
oestrogens on Days 11, 13 and 15 after oestrus in pregnant and 
non-pregnant sows. J. Reprod. Fertil. 64:185-190. 
Ford, S. P., Magness, R. R., Farley, D, B., and Van Orden, D. E. 1982b. 
Local and systemic effects of intrauterine estradiol-173 on luteal 
function of nonpregnant sows. J. Anim. Sci. 52:657-664. 
Ford, S. P., Reynolds, L. P., and Magness, R. R. 1982c. Blood flow 
to the uterine and ovarian vascular beds of gilts during the estrous 
cycle or early pregnancy. Biol. Reprod. 27:878-885. 
104 
Ford, S. P., Magness, R. R., and Reynolds, L. P. 1982d. Blood flow 
and steroid secretion of the gravid uterus before, during and after 
parturition in cows. Am. Soc. Anim. Sci. Midwest Section Proc. 
15:108-109. (Abstr.) 
Ford, S. P., Reynolds, L, P., Farley, D. B., Bhatnagar, R. K., and 
Van Orden, D. E. 1983. Role of periarterial sympathetic nerves 
in altering uterine blood flow (UBF) during the porcine estrous 
cycle. Soc. Gynecol. Invest. Proc. 30:10. (Abstr.) 
Gadsby, J. E., Heap, R. B., and Burton, R. D. 1980. Oestrogen production 
by blastocyst and early embryonic tissue of various species. 
J. Reprod. Fertil. 60:409-417. 
Gardner, M. L., First, N. L., and Casida, L. E. 1963. Effect of 
exogenous estrogen on corpus luteum maintenance in gilts. 
J. Anim. Sci. 22:132-134. 
Garris, D. R., and Mitchell, J. A. 1979. Intrauterine oxygen tension 
during the estrous cycle in the guinea pig: its relation to uterine 
blood volume and plasma estrogen and progesterone levels. Biol. 
Reprod. 21:149-159. 
Geisert, R. D., Renegar, R. H,, Thatcher, W. W., Roberts, R. M., and 
Bazer, F. W. 1982. Establishment of pregnancy in the pig: I. 
Interrelationships between preimplantation development of the pig 
blastocyst and uterine endometrial secretions. Biol. Reprod. 
27:925-939. 
Ginther, O. J. 1976. Comparative Anatomy of Utero-ovarian Vasculature. 
Veterinary Scope. Vol. XX(1). The Upjohn Co., Kalamazoo, MI. 
Gleeson, A. R., Thorburn, G. A., and Cox, R. I. 1974. Prostaglandin F 
concentrations in the utero-ovarian venous plasma of the sow during 
the late luteal phase of the oestrus cycle. Prostaglandins 5:521-529. 
Greiss, P. C., Jr. 1971. Differential reactivity of the myoendometrial 
and placental vasculatures; Vasodilation. Am. J. Obstet. Gynecol. 
111:611-625. 
Greiss, F. C., Jr. 1972. Differential reactivity of the myoendometrial 
and placental vasculatures: Adrenergic responses. Am. J. Obstet. 
Gynecol. 112:20-30. 
Greiss, F. C., Jr., and Anderson, S. G. 1969. Uterine vascular changes 
during the ovarian cycle. Am. J. Obstet. Gynecol. 103:629-640. 
Greiss, P. C., Jr., and Anderson, S. G. 1970a. Effect of ovarian 
hormones on the uterine vascular bed. Am. J. Obstet. Gynecol. 
107:829-836. 
105 
Greiss, F. C., Jr., and Anderson, S. G. 1970b. Uterine blood flow 
during early ovine pregnancy. Am. J. Obstet. Gynecol. 106:30-38. 
Greiss, F. C., Jr., and Gobble, F. 1967. Effect of sympathetic nerve 
stimulation on the uterine vascular bed. Am. J. Obstet. Gynecol. 
97:962-967. 
Greiss, F. C., Jr., Gobble, F. L., Anderson, S. G., and McGuirt, W. F. 
1967. Effect of acetylcholine on the uterine vascular bed. Am. J. 
Obstet. Gynecol. 99:1073-1077. 
Harvey, C. A., and Owens, D. A. A. 1976. Changes in uterine and ovarian 
blood flow during the oestrous cycle in rats. J. Endocrinol. 
71:367-369. 
Hedquist, P. 1970. Control by prostaglandin E2 of sympathetic 
neurotransmission in the spleen. Life Sci. 9:269-278. 
Henderson, K. M., Scaramuzzi, R. J., and Baird, D. T. 1977. 
Simultaneous infusion of prostaglandin E2 antagonizes the luteolytic 
action of prostaglandin F2G in vivo. J. Endocrinol. 72:379-383. 
Henricks, D. M., Dickey, J. F., and Hill, J. R. 1971. Plasma estrogen 
and progesterone levels in cows prior to and during estrus. 
Endocrinology 89:1350-1355. 
Henricks, D. M., Guthrie, H. D., and Handlin, D. L. 1972. Plasma 
estrogen, progesterone and luteinizing hormone levels during the 
estrous cycle in pigs. Biol. Reprod. 6:210-218. 
Hoggan, G., and Hoggan, F. E. 1882. On the comparative anatomy of 
the lymphatics of the uterus. J. Anat. Physiol. (Lond.) 16:51-89. 
Huckabee, W. E., Crenshaw, C., Curet, L. B., Mann, L., and Barron, D. H. 
1970. The effect of exogenous oestrogen on the blood flow and oxygen 
consumption of the uterus of the nonpregnant ewe. J. Exp. 
Physiol. 55:16-24, 
Hyland, J. H., Manns, J. G., and Humphrey, W. D. 1982. Prostaglandin 
production by ovine embryos and endometrium in vitro. J. Reprod. 
Fertil. 65:299-304. 
Innes, I. R., and Nickerson, M. 1970. Norepinephrine, epinephrine and 
the sympathomimetic amines. Pp. 479-481 ^  L. S. Goodman and 
A. Gilman, eds. The Pharmacological Basis of Therapeutics. 
Macmillan Publishers, New York. 
106 
Janson, P. 0., Albrecht, I., and Ahren, K. 1975. Effects of 
prostaglandin FgOt on ovarian blood flow and vascular resistance 
in the pseudopregnant rabbit. Acta Endocrinol. 79:337-350. 
Kadowitz, P. J., Sweet, C. S., and Brody, M. J. 1971. Blockade of 
adrenergic vasoconstrictor responses in the dog by prostaglandins 
Eg and Ag. J. Pharmacol. Exp. Ther. -179:553-572. 
Kadowitz, P. J., Sweet, C. S., and Brody, M. J. 1972. Enhancement 
of sympathetic neurotransmission by prostaglandin FgCt in the 
cutaneous vascular bed of the dog. Eur. J. Pharmacol. 18:189-194. 
Kalman, S. M. 1958. The effect of estrogens on uterine blood flow 
in the rat. J. Pharmacol. Exp. Ther. 124:179-181. 
Kalsner, S. 1969. Steroid potentiation of responses to sympathomimetic 
amines in aortic strips. Br. J. Pharmacol. 36:582-595. 
Khan, M. I., Rosberg, S., Lahav, M., Lamprecht, S. A., Selstom, G., 
Herlitz, H., and Ahren, K. 1979. Studies on the mechanism of 
action of the inhibitory effect of prostaglandin Pga on cyclic AMP 
accumulation in rat corpora lutea of various ages. Biol. Reprod. 
21:1175-1183. 
Killam, A. P., Rosenfeld, C. R., Battaglia, F. C., Makowski, E. L., 
and Meschia, G. 1973. Effect of estrogens on the uterine blood 
flow of oophorectomized ewes. Am. J. Obstet. Gynecol. 115:1045-1052. 
Kirk, R. E. 1968. Experimental Design: Procedures for the Behavioral 
Sciences. Wadsworth Publishing Co., Belmont, CA. 
Koligian, K. B., and Stormshak, F. 1977. Estrogen binding by ovine 
uterine arteries. Biol. Reprod. 16 (Suppl. 1):36. (Abstr.) 
Kotwica, J. 1980. Mechanism of prostaglandin F2a penetration from 
the horn of the uterus to the ovaries in pigs. J. Reprod. Fertil. 
59:237-241. 
Kuhl, L. M., Stormshak, F., and Weber, L. J. 1974. Corpus luteum and 
estrous cycle influence on physiological properties of ewe utero-
ovarian arteries. Proc. Soc. Exp. Biol. Med. 147:7-10. 
Lacroix, M. C., and Kann, G. 1982. Comparative studies of prostaglandins 
FgOt and Eg in late cyclic and early pregnant sheep ; vitro synthesis 
by endometrium and conceptus effects of ^  vivo indomethacin treatment 
on establishment of pregnancy. Prostaglandins 23:507-526. 
Ladner, C., Brinkman, C. R., III, Weston, P., and Assali, N. S. 1970. 
Dynamics of uterine circulation in pregnant and nonpregnant sheep. 
Am. J. Physiol. 218:257-263. 
107 
Langley, J., and Anderson, H. 1895. The innervation of the pelvic and 
adjoining viscera. IV. The internal generative organs. V. Position 
of the nerve cells on the course of the efferent nerve fibers. 
J. Physiol. (Lond.) 20:71-139. 
Langley, J. N., and Anderson, H. K. 1896. The innervation of the 
pelvic and adjoining viscera VII. Anatomic observations. J. Physiol. 
(Lond.) 20:372-406. 
Lewis, G. S., Jenkins, P. E., Fogwell, R. L., and Inskeep, E. K. 1978. 
Concentrations of prostaglandins E2 and F2a and their relationship 
to luteal function in early pregnant ewes. J. Anim. Sci. 
47:1314-1323. 
Lewis, G. S., Thatcher, W. W., Bazer, F. W., and Curl, J. S. 1982. 
Metabolism of arachidonic acid in vitro by bovine blastocysts and 
endometrium. Biol. Reprod. 27:431-439. 
Lindner, H. R., Sass, M. B., and Morris, B. 1964. Steroids in the 
ovarian lymph and blood of conscious ewes. J. Endocrinol. 
30:361-376. 
Ljung, B. 1976. Physiological patterns of neuroeffector control 
mechanisms. Pp. 143-155 ^  J. A. Bevan, G. Burnstock, B. Johansson, 
R. A. Maxwell and 0. A. Nedergaard, eds. Vascular Neuroeffector 
Mechanisms. Karger, Basel. 
Lowry, O. H., Rosenbrough, N. J., Parr, A. L., and Randall, R. J. 1951. 
Protein measurement with Polin phenol reagent. J. Biol. Chem. 
193:265-275. 
Magness, R. R., and Ford, S. P. 1982. Steroid concentrations in uterine 
lymph and uterine arterial plasma of gilts during the estrous cycle 
and early pregnancy. Biol. Reprod. 27:871-877. 
Magness, R. R., Huie, J. M., Hoyer, G. L., Huecksteadt, T. P., Reynolds, 
L. P., Seperich, G. J., Whysong, G., and Weems, C. W. 1981. Effect 
of chronic ipsilateral or contralateral intrauterine infusion of 
prostaglandin. E2 (PGE2) on luteal function of unilaterally ovari-
ectomized ewes. Prostaglandins Med. 6:389-401. 
Magness, R. R., Christenson, R. K., and Ford, S. P. 1983. Ovarian 
blood flow throughout the estrous cycle and early pregnancy in sows. 
Biol. Reprod. 28:In press. 
Mapletoft, R. J., Lapin, D. R., and Ginther, O. J. 1976. The ovarian 
artery as the final component of the local luteotropic pathway between 
a gravid uterine horn and ovary in ewes. Biol. Reprod. 15:414-421. 
108 
Markee, J. E. 1932. Rhythmic uterine vascular changes. Am. J. Physiol. 
100:32-39. 
Marsh, J. M. 1971. The effect of prostaglandins on the adenyl cyclase 
of the bovine corpus luteum. Ann. N.Y. Acad. Sci. 180:416-425. 
McCracken, J. A., Glew, M. E., and Scarramuzzi, R. J. 1970. Corpus 
luteum regression induced by prostaglandin FgQ. J. Clin. Endocrinol. 
Metab. 30:544-546. 
McKercher, T. C., Van Orden, L. S., III, Bhatnagar, R. K., and Burke, 
J. P. 1973. Estrogen-induced biogenic amine reduction in rat uterus. 
J. Pharmacol. Exp. Ther. 185:514-522. 
McRae, A. C., and Kennedy, T. G. 1979. Evidence for a permeability 
barrier between blood and uterine luminal fluid in estrogen-treated, 
immature rats. Biol. Reprod. 20:919-923. 
Melton, A. A., Berry, R. 0., and Butler, O. D. 1951. The interval 
between the time of ovulation and attachment of the bovine embryo. 
J. Anim. Sci. 10:993-1005. 
Moeljono, M. P., Bazer, F. W., and Thatcher, W. VJ. 1976. A study 
of prostaglandin Fgct as the luteolysin in swine: I. Effect of 
prostaglandin Fga in hysterectomized gilts. Prostaglandins 
11:737-743. 
Moor, R. M., and Rowson, L. E. A. 1966. The corpus luteum of the 
sheep; effect of the removal of embryos on luteal function. 
J. Endocrinol. 34:497-502. 
Nett, T. M., and Niswender, G. D. 1981. Luteal blood flow and receptors 
for LH during PGFjOt-induced luteolysis: Production of PGEg and PGFga 
during early pregnancy. Acta Vet. Scand. (Suppl.) 77:117-130. 
Niswender, G. D. 1973. Influence of the site of conjugation on the 
specificity of antibodies to progesterone. Steroids 22:413-423. 
Niswender, G. D., Moore, R. T., Akbar, A. M., Nett, T. M., and 
Diekman, M. A. 1975. Flow of blood to the ovaries of ewes throughout 
the estrous cycle. Biol. Reprod. 13:381-388. 
Niswender, G. D., Reimers, T. J., Diekman, M. A., and Nett, T. M. . 1976. 
Blood flow: A mediator of ovarian function. Biol. Reprod. 14:64-81. 
Northey, D. L., and French, L, R. 1980. Effect of embryo removal and 
intrauterine infusion of embryonic homogenates on the lifespan of 
the bovine corpus luteum. J. Anim. Sci. 50:298-302. 
109 
Novy, M. J., and Cook, M. J. 1973. Redistribution of blood flow by 
prostaglandin P2a in the rabbit ovary. Am. J. Obstet. Gynecol. 
117:381-385. 
Nunez, Q., and Getty, R. 1969. Arterial supply to the genitalia and 
accessory genital organs of swine. Iowa State J. Sci. 44:93-126. 
Pease, D. C. 1962. Arterial and arteriolar systems. Pp. 12-25 
D. I. Abramson, ed. Blood Vessels and Lymphatics. Academic Press, 
New York. 
Perry, J. S., Heap, R. B., Burton, R. D., and Gadsby, J. E. 1976. 
Endocrinology of the blastocyst and its role in the establishment 
of pregnancy. J. Reprod. Fertil. (Suppl.) 25:85-104. 
Pharriss, B. B. 1970. Vascular control of luteal steroidogenesis. 
J. Reprod. Fertil. (Suppl.) 10:97-103. 
Pope, W. P., and Stormshak, F. 1979. Effect of the ovine conceptus 
on ^  vitro responses of uterine arteries to prostaglandin Eg and 
norepinephrine. Biol. Reprod. 20:847-851. 
Pope, W. P., Maurer, R. R., and Stormshak, P. 1982. Distribtuion of 
progesterone in the uterus, broad ligament, and uterine arteries of 
beef cows. Anat. Rec. 203:245-250. 
Resnik, R., and Brink, G. W. 1978. Effects of prostaglandins E^, 
Eg and PgOt on uterine blood flow in nonpregnant sheep. Am. J. 
Physiol. 234:H557-H561. 
Resnik, R. , Killam, A. P., Battaglia, F. C., Makowski, E. L., and 
Meschia, G. 1974. The stimulation of uterine blood flow by 
various estrogens. Endocrinology 94:1192-1196. 
Resnik, R., Killam, A. P., Battaglia, p. C., Makowski, E. L., and 
Meschia, G. 1975. The effect of actinomycin D on estrogen-induced 
uterine blood flow. Am. J. Obstet. Gynecol. 122:273-277. 
Resnick, R., Brink, G. W., and Plumer, M. H. 1977. The effect of 
progesterone on estrogen-induced uterine blood flow. Am. J. Obstet. 
Gynecol. 128:251-254. 
Reynolds, L. P., and Ford, S. P. 1982. Contractility of the ovarian 
vascular bed of nonpregnant vs^early pregnant gilts. Biol. Reprod. 
26 (Suppl. 1):64A. (Abstr.) 
110 
Reynolds, L. P., Stigler, J., Hoyer, G. L., Magness, R. R., Huie, J. M., 
Huecksteadt, T. P., Whysong, G. L., Behrman, H. R., and Weems, C. W. 
1981. Effect of PGEj^ or PGEg on PGFgO-induced luteolysis in nonbred 
ewes. Prostaglandins 21:957-972. 
Reynolds, L. P., Magness, R. R., and Ford, S. P. 1982. Uterine blood 
flow and uterine arterio-venous steroid concentrations on days 11, 
13 and 15 of the estrous cycle and pregnancy in ewes. J. Aniiti. 
Sci. 55 (Suppl. 1):382. (Abstr.) 
Rhodin, J. A. G. 1980. Architecture of the vessel wall. Pp. 1-31 
D. F. Bohr, A. P. Somlyo and H. V. Sparks, Jr., eds. Handbook 
of Physiology. Section 2: The Cardiovascular System. Vol. II. 
Vascular Smooth Muscle. Waverly Press, Baltimore, MD. 
Roman-Ponce, H., Thatcher, W. W., Caton, D., Barron, D. H., and Wilcox, 
C. J. 1978. Thermal stress effects on uterine blood flow in dairy 
cows. J. Anim. Sci. 46:175-180. 
Rosenfeld, C. R. 1980. Responses of reproductive and nonreproductive 
tissues to 178-estradiol during ovine puerperium. Am. J. Physiol. 
239:E333-E339. 
Rosenfeld, C. R., and Jackson, G. M. 1982. Induction and inhibition 
of uterine vasodilation by catechol estrogen in oophorectomized, 
nonpregnant ewes. Endocrinology 110:1333-1339. 
Rosenfeld, C. R., and West, J. 1977. Circulatory response to systemic 
infusion of norepinephrine in the pregnant ewe. Am. J. Obstet. 
Gynecol. 127:376-383. 
Rosenfeld, C. R., Killara, A. P., Battaglia, F, C., Makowski, E. L., 
and Meschià, G. 1973. Effect of estradiol-173 on the magnitude 
and distribution of uterine blood flow in nonpregnant, 
oophorectomized ewes. Pediatric Res. 7:139-146. 
Rosenfeld, C. R., Morriss, F. H., Jr., Battaglia, F. C., Makowski, E. L., 
and Meschia, G. 1976. Effects of estradiol-173 on blood flow to 
reproductive and nonreproductive tissues in pregnant ewes. Am. J. 
Obstet. Gynecol. 124:618-629. 
Rowson, L. E. A., and Moor, R. M. 1967. The influence of embryonic 
tissue homogenate infused into the uterus on the life-span of the 
corpus luteum in the sheep. J. Reprod. Fertil. 13:511-516. 
Rowson, L. E. A., Tervit, R., and Brand, A. 1972. The use of 
prostaglandins for synchronization of oestrus in cattle. J. Reprod. 
Fertil. 29:145. (Abstr.) 
Ill 
Ryan, M. J., Clark, K. E., Van Orden, D. E., Farley, D., Edvinsson, L., 
Sjoberg, N. 0., Van Orden, L. S., III, and Brody, M. J. 1974. 
Role of prostaglandins in estrogen-induced uterine hyperemia. 
Prostaglandins 5:257-267. 
Scatchard, G. 1949. The attractions of proteins for small molecules 
and ions. Ann. N.Y. Acad. Sci. 51:660-672, 
Schneider, T. M., Tilton, J. E., Okrasa, S., Jeng, M., Weigl, R., and 
Williams, G. L. 1982. Effect of intrauterine infusions of 
prostaglandin Eg (PGE^) on luteal function in nonpregnant gilts. 
J. Anim. Sci. 55 (Suppl. 1);388. (Abstr.) 
Shabanah, E. H., Toth, A., and Maughan, G. B. 1964. The role of the 
autonomic nervous system in uterine contractility and blood flow. 
Am. J. Obstet. Gynecol. 89:841-859. 
Shemesh, M., and Hansel, W. 1975. Levels of prostaglandin F (PGF) in 
bovine endometrium, uterine venous, ovarian arterial and jugular 
plasma during the estrous cycle. Proc. Soc. Exp. Biol. Med. 
148:123-126. 
Shemesh, M., Milaguir, F., Ayalon, N., and Hansel, W. 1979. Steroido­
genesis and prostaglandin synthesis by cultured bovine blastocyst. 
J. Reprod. Fertil. 56:181-185. 
Sorger, T., Pittman, R., and Soderwall, A. L. 1983. Principal features 
of the nerve supply to the ovary, oviduct and tubal third of the 
uterus in the golden hamster. Biol. Reprod. 28:461-482. 
Sparks, H. V., Jr. 1980. Effect of local metabolic factors on vascular 
smooth muscle. Pp. 491-495 ^  D. F. Bohr, A. P. Somlyo and H. V. 
Sparks, Jr., eds. Handbook of Physiology. Section 2: The 
Cardiovascular System. Vol. II. Vascular Smooth Muscle. Waverly 
Press, Baltimore, MD. 
Spaziani, E., and Suddick, R. P. 1967. Hexose transport and blood 
flow rate in the uterus: effect of estradiol, puromycin and 
actinomycin D. Endocrinology 81:205-212. 
Speroff, L., and Ramwell, P. W. 1970. Prostaglandin stimulation of 
in vitro progesterone synthesis. J. Clin. Endocrinol. Metab. 
30:345-350. 
Staples, L. D., Fleet, I. R., and Heap, R. B. 1982. Anatomy of the 
utero-ovarian lymphatic network and the composition of afferent 
lymph in relation to the establishment of pregnancy in sheep and 
goats. J. Reprod. Fertil. 64:409-420. 
112 
Steel, R. G. D., and Torrie, J. H. 1960. Principles and Procedures of 
Statistics. McGraw-Hill, New York. 
Stefenson, A., Owman, C., Sjoberg, N. 0., Sporrong, B., and Walles, B. 
1981. Comparative study of the autonomic innervation of the 
mammalian ovary, with particular regard to the follicular system. 
Cell Tissue Res. 215:47-62. 
Steinsland, 0. S., Furchgott, R. F., and Kirpekar, S. M. 1973. 
Inhibition of adrenergic neurotransmission by parasympathomimetics 
in the rabbit ear artery. J. Pharmacol. Exp. Ther. 184:346-356. 
Still, J. G., and Greiss, F. C. 1978. The effect of prostaglandins and 
other vasoactive substances on uterine blood flow and myometrial 
activity. Am. J. Obstet. Gynecol. 130:1-8. 
Thorburn, G. D., Cox, R. I., Currie, W. B., Restai1, B. J., and 
Schneider, W. 1972. Prostaglandin F concentrations in the utero-
ovarian venous plasma of the ewe during the oestrous cycle. 
J. Endocrinol. 53:325-326. 
Unsicker, K. 1974. Qualitative and quantitative studies on the 
innervation of the corpus luteurn of rat and pig. Cell Tissue 
Res. 152:513-523. 
Ursely, J., and Leymarie, P. 1979. A comparison of the LH control of 
progesterone synthesis in small and large cells from pregnant cow 
corpus luteum. Pp. 545-548 dji C. P. Channing, J. M. Marsh and W. A. 
Sadler, eds. Ovarian Follicular and Corpus Luteum Function. Plenum 
Press, New York. 
Van Orden, D. E., Clancy, C. J., Van Orden, C. L., and Ford, S. P. 
1983a. Synthesis of catechol estrone by porcine uterine arteries. 
Endocrine Soc. Proc. 65:30. (Abstr.) 
Van Orden, D. E., Farley, D. B., Reynolds, L. P., and Ford, S. P. 
1983b. Estrogen-induced uterine hyperemia; Decay of the response. 
Soc. Gynecol. Invest. Proc. 30:10. (Abstr.) 
Varga, B., and Folly, G. 1977. Effects of prostaglandins on ovarian 
blood flow in the bitch. J. Reprod. Fertil, 51:315-319. 
Varga, B., Zsolnai, B., and Bernard, A. 1979. Stimulation of the 
alpha- and beta-adrenergic receptors in human ovarian vasculature 
in vitro. Gynecol. Obstet. Invest. 10:81-87. 
113 
Watson, J., and Maule Walker, F. M. 1978. Progesterone secretion 
by the corpus luteum of the early pregnant pig during superfusion 
in vitro with PGFgOi, LH and oestradiol. J. Reprod. Pertil. 
52:209-212. 
Williams, L. T., and Lefkowitz, R. J. 1977. Regulation of rabbit 
myometrial alpha adrenergic receptors by estrogen and progesterone. 
J. Clin. Invest. 60:815-818. 
Williams, M. T., and Marsh, J. M. 1978. Estradiol inhibition of 
luteinizing hormone-stimulated progesterone synthesis in isolated 
bovine luteal cells. Endocrinology 103:1611-1618. 
Willis, C. M., Wise, T. H., Fields, M. J., Roberts, R. F., Fleeger, 
J. L., and Bazer, F. W. 1981. ^ vitro steroid metabolism of 
^H-labeled substrate by the early ovine blastocyst and endometrium. 
J. Anim. Sci. 53 (Suppl. 1):377. (Abstr.) 
Yuthasastrakosol, P., Palmer, W. M., and Rowland, B. E. 1975. 
Luteinizing hormone, oestrogen and progesterone levels in peripheral 
serum of anoestrous and cyclic ewes as determined by radio­
immunoassay. J. Reprod. Fertil. 43:57-65. 
114 
ACKNOWLEDGEMENTS 
Gratitude is extended to Dr. S. P. Ford for his guidance and 
encouragement, and especially for the active role he has taken in 
helping me to complete my graduate training. Appreciation is expressed 
to Dr. R. R. Magness and Ms. D. A. Robertson for their assistance with 
collection of data and to Mr. W. G. McDonald for his technical 
guidance in the laboratory. Appreciation is also expressed to the 
members of my graduate committee for their constructive criticisms and 
advice. 
I would like to thank both of my families for the assistance, 
financial and otherwise, they have given me throughout my education. 
A special thanks goes to my wife, Kay, not only for typing this 
dissertation, but more importantly for her understanding and support, 
without which this goal would not have been achieved. 
